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AN ELECTRIC CRANE, 

AN interesting example of the application of eleetri- 
city to the transmission of power is to be seen at the 
Entrepots et Magasins Generaux, Paris, where an elec 
tric crane has recently been put inservice for handling 
bales of wool, 

Most of the wool received at 
and the suburbs of Paris, comes from 
La Plata in bales of from &80 to 1,320 pounds. 
manufacturers to whom it 
the entire consignment, either because they have not 
room enough for it, or because they wish to havea 
ehance to negotiate the warrants that are delivered 
after the goods have been deposited in a bonded ware- 
house. 


Roubaix, Tourcoing, 
Australia and 
The 


is sent do not always take | 


part of this was confided to Mr. Guyenet, and the | 


electrical to the Compagnie Electrique. 
The apparatus that resulted from this alliance is | 
represented in the accompanying engravings. It con- 
|sists of a post, P, which carries a jib, V, counter- 
| balanced by a counterpoise, C, This post is supported 
by a light but strongly braced frame, which is fixed | 
|to a carriage that may be easily moved about in the 
| various passageways. The post is held at the upper | 
| part of the frame by acircle of friction rollers, rests | 
— the carriage through a step-bearing, and is capa- | 
ble of making,when necessary, a complete revolution. 
The wheels, p, 0, are set in motion, through the belt, | 
¢, by means of the Gramme machine, EK. These 
| wheels communicate motion to the windlass, t', through 
|the intermedium of the belt, c., and pulley, ts. The | 
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at the same time serve to insulate them. The circuit 


is completed up to the last receiver by means of a 
double conductor starting from two terminals, bb, con- 
nected through metal with two wide channeled pul- 
leys, 00, and are insulated from their common support. 
This latter consists of three pieces, ', T, 8. ‘The piece, 
I’, is fixed, and is attached directly to the crane post. 
The piece, T, is a cylindrical rod capable of moving 
vertically in the socket that forms the upper part of the 
piece, F. The piece, 8, is capable of moving horizon- 
tally with the upper part of the rod, T. It is the piece, 
S, that carries the terminals, bb, and the cheeks of the 
pulleys, 00, from which it is well insulated. It will be 
seen that the arrangement is such that the pulleys re- 
main fixed and applied against the conductors while 
the crane jib is revolving, and that, moreover, througb 


The Compagnie des Entrepots et Magasins, which’ belt, cs, is quite slack, and, in order to make it carry ‘ the play of the lever, L (which is maneuvered from be- 
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Fria. 1 —Side View (Seale 1-40). Fira. 2.—End View 


has thirty-two establishments in France, naturally had 
a desire to create a place of deposit for wool in this im- 
portant industrial center, and so some time ago obtain- 
ed possession, at Roubaix and Tourcoing, of some very 
large and well situated stores connected by a branch 
With the near-by railway running from Lille to Belgium. 

At present, wool in 
quantity in this establishment, where it would be con- 
sidered good merchandise to store were not the hand- 
ling of it so troublesome. The piling of the bales by 
manual labor consumes much time, and is arduous 
work, especially when the piles reach some height, as 
at Roubaix, where the height of the store-room is more 
than thirty feet. Till recently, the bales were put in 
Place follows: They were brought in from the 
platform in small wagons and deposited at the foot of 
the pile by gangs of ten men, and then superposed in 
Successive tiers. To effect this, the men seized the 
bales with hooks and hauled them up tier by tier to the 
Place that they were to oceupy. It will readily be 
seen how difficult, slow, and expensive such maneuvers 
were. ‘They required experienced men, whom it was 
difficult to get, and who were consequently exacting ; 
80 it was decided to look for some mechanical means to 
effect the same object. 
paratus actuated by manual power did not give suffi- 
Clently satisfactory results, while danger from fire pro- 
hibited the use of steam in the establishment. 

I he company therefore thought that electricity might 
furnis} ; a 


as 


ave an electric crane constructed. The mechanical 


bales is being received in large | 
























































(Scale 1-40). Fras. 3 anp 4.—Details of Electric Contact 
Fig. 6.—General Plan (Seale 1-1000). 


AN ELECTRIC CRANE. 


along the pulley, it is necessary to apply the roller, g, 
to it. This is done by acting upon the extremity of 
the bent lever, 277’, through the intermedium of the 
gearing, 7, 7, 7, and the handle, R. 

The motor, E, revolves as long as the contacts, 0 0, 
are in communication with the conductors, ff. If the 
belt, ¢2., be not acted upon, it will not move the drum of 
the windlass, and the hoist chain will either remain 
immovable, or unwind, according to the weight of the 
load suspended from the hook. If, on the contrary, by 
acting upon the lever, //', we exert sufficient tension 
upon the belt, c*, the drum, ¢, will begin to revolve 
and carry along the chain. 

Finally, if we exert but a moderate tension upon the 
belt, it will be possible to keep the drum and chain in 
equilibrium between the action exerted by the sus- 
pended load and the friction of the belt on the pulley, 
v’, which remains motionless. It is, then, by varying 
the tension exerted upon the gearing, 7 7, that we effect 
at will an ascent or descent of the load, or keep it in 
equilibrium without having to concern ourselves about 
the motor. 

It now remains to show how the electric con- 





Experiments with lifting ap- | 
| passageway by means of two stiff conductors, / J, of 


1 a solution of the problem, and so decided to | 


ductors are arranged. The current derived from the 
Gramme machine (see plan, Fig. 6) is led over each 


galvanized angle iron. These conductors are connected 
with the copper wires which start from the generator, 
and which are supported along the walls by means of 
porcelain insulators. They are fixed to the tie-beams 
through the intermedium of blocks of wood, m, which 




































































(Seale 1-8). Fie. 5.—Diagram of the Transmission. 


low by the cord, d), the pulleys can readily disengage 
themselves from the conductors (Fig. 2) or apply them- 
selves agamst them (Fig. 1), after a transfer of the crane 
to another passageway. A counterpoise, K, at the ex- 
tremity of the cord, d, fixed to lever, L, keeps the pulleys 
in perfect contact with the conductors, without the 
necessity of exerting any undue pressure between 
these pieces, and that, too, despite the jarring of the ap- 
paratus. Figs. 3 and 4 show the details of the contact, 
and clearly indicate the function of the springs. The 
object of these latter is to secure a permanent contact 
of the pulleys and conductors, whatever be the in- 
equality of the floor and conductors in level. 

The generating and receiving machines are of the 
type No. 6 of the Compagnie Electrique. At 1,200 re- 
volutions, the generator furnishes 15 amperes at a 
tension of 250 volts. It absorbs a power of 644 horses. 
The receiver makes 900 revolutions and develops 4 
horse power. The crane is capable of hoisting a load of 
1,100 pounds to a height of 2644 feet in 25 seconds. 

The performance between the shafts of the two 
machines is 61 per cent. After a time, when the equip- 
ment of the stores shall have been increased, the pres- 
ent generator will be replaced by a powerful auto-re- 
gulator that will distribute the current among several 
receivers. The warehouse uses a half stationary 25 
horse power steam engine, which may be used in time 
for the electric transmission of power to the warehouses 
at Turcoing, situated at about fifteen hundred yards 
from those of Roubaix. 

To show the advantage derived from this application 
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of electricity, we would state that while it formerly 
took 10 men 20 hours to pile up 150 bales, the same | to have two sets of 
number of bales can now be piled up by 4 men in 3) ing can be produ 


hours.—Revue Industrielle. 





HALL’'S OZONE MACHINE, 


Ata recent session of the New York Electrical Society, 
Mr. H. D. Hall, the inventor of the ozone machine, 
operated his apparatus threugh a small electric motor 
connected with an Edison lamp circuit, The wachine 
is designed not only for disinfecting hospitals and sick 
rooms, but also for ventilating such large rooms as are 
frequented by a great number of people, such as ex- 
changes, theaters, and so forth ; and we have seen 
several in use in large banking houses, 

Figs. 1 and 2 show the apparatus in two different 
positions. The machine is a Holtz auto-exciter modi- 
fied and provided with an air passage, which is shown 
in section in Fig. 3. The air is admitted through aper- 
tures in one of the extremities. The other end is pro- 
vided with a ventilator. Combs are arranged in the 
center, and are so placed that the airis foreed to cireu- 
late around them. In this way, when the sparks oceur, 
the air is rapidly saturated with ozone. 


} horizontal battens with batswing burners. It is usual 
pes, so that two qualities of light- 
, and the chance of a total extine- 
| tion obviated. The batten lights can be enveloped 
from below by a framework of calico, known as a me 
' dium, the color of the light being changed by rotating 
| the framework and presenting a medium of the desired 
shade. Besides these lights, it is necessary to have 
some ready means of illumination which can be quick- 
Wy set up in any desired pets The plan adopted at the 
4yceum is to use portable gas brackets mounted on 
heavy vertical stands, with arrangements for colored 
mediums, and connected with the nearest union by 
means of a leather hose; = leakage between the gas 
tap, which is let in flush with the stage, and the hose 
is prevented by a simple water joint, care being taken 
always to keep sufficient head of water to overcome the 
pressure of the gas. 
This very old device appears to answer admirably, 
and besides being easy to connect up, draws attention 
to the shortness of water by the noise of the gas bub- 


which, on being drawn up, leaves the semi-transparent 
gauze only. The whole of this scene is supposed to 
take place at night, so that it is necessary to fully illu- 
minate the interior of the cathedral and leave the out- 
side street in partial darkness ; this. is ingeniously ac- 
complished by lowering a curtain from above which 
shuts off all the outside light, the curtain being remov- 
ed when the exterior of the structure is again revealed, 

The scene on the summit of the Brocken is perhaps 
the most impressive inthe piece. It has been described 
as a study in black and white and gray; ‘amass of 
time-worn rocks on one hand, two weather beaten 
pines on the other, between them a snowy valley, the 
distance a mystery of vaporous cloud, through and 
across which the lightning plays.” After this deserip- 
tion the reality appears rather prosaic. The rocks are 
of moulded cardboard, and are deftly built into one 
another so as to overlie a timber framework which rises 
at about an angle of 20 deg. from the front of the 
stage. On this the trees, 20 ft. high, also of moulded 
work, are easily planted, and on the spectators’ right 





bling through. India rubber has for some time been|a timber framework, which, when expanded like an 
disearded on aceount of the difficulty in keeping it gas| open parallel rule, forms a substantial foundation 
tight; well oiled leather appears to last well, and is| for the huge rock on which Mephisto stands. The pe- 
not easily damaged. So far we have only considered | culiar lighting of this scene, imitating that from fre- 
the gas lighting, but as the spectacular effects of the | quent lightning flashes, is produced by gas flares and 
Brocken scene require the combined display of twenty- | groups of Argand burners turned up and down at fre- 
five lime lights, the arrangements for their production | quent intervals; the lightning, if openly displayed, 
must of necessity be on a large scale. would be too vivid, so the effect is produced behind a 
The oxygen and hydrogen gases are stored in large} suitably painted transparent screen hung before the 
vertical cylinders, in what might be termed the stage| background. Other screens represent the moon with 
basement, the necessary pressure being produced by | storm-driven clouds. The finale of the mountain on 
partly filling the cylinders with water from the main. | fire is perhaps the easiest part of the act, and is due to 
Separate pipes are led to all parts of the stage so that | some twenty-five lime lights with red glass slides, blaz- 
to produce the light it is only necessary to connect the| ing through every portion of the background and fo- 
lime light burners to the two pressure mains; the ad-| cused on to numerous steam orifices; the tableau is 
vantage of this plan will be readily understood by | also assisted by a shower of gold tinsel distributed from 
| those who have one experience of the old fashioned! the bridges above by men carrying baskets and walk- 
| gas bags or still more cumbersome gas cylinders which | ing to and fro. 
are used in America for a similar purpose. Two hundred and fifty persons take part in this 
We must confess to aslight feeling of disappointment | scene, which necessitates great care that the frame- 
when we were told that the electric light was not used | work should be strong enough to bear their weight in 
at.the Lyceum, having been much impressed by the! motion as they climb over the rocks. This is success- 
extremely vivid lightning, which appeared somewhat fully accomplished, yet the whole superstructure is 
tame when it was explained that the flashes were not | cleared away and the bare stage prepared for the dun- 





electrical, but produced by a special powder burnt in 
a lycopodium pot, which was found to give a better ef- 
fect than nature. A fifty cell Grove battery is used on | 


geon scene in less than ten minutes from the fall of the 
curtain. 
Stage thunder has always been a subject of ridicule, 











Mr. Hall demonstrated the effects of ozone upon | 
organic bodies at the same time that he predicted its | 
application in the industries as well as in medicine. 
We hear that a linen bleachery has for some time past | 
been using ozone produced by the electric machine.— 
La Lumiere Electrique. 


THEATRICAL MECHANISM. 


SomE of our readers may be unacquainted with the 
proportions and technical arrangements of the stage, 
which we will briefly describe, with special reference to 


several occasions ; in the first scene, to illuminate the | but some novelty has been introduced at the Lyceum, 
book which Faust signs, and also to produce the sparks/|in that the 6 in., 8 in., and 9 in. cannon balls, besides 
which come from Mephistopheles’ sword when he wards | rolling a considerable distance down an inclined shoot, 
off that of Valentine, who is fighting the duel with | are first of all placed in several hoppers from which 
Faust. This effect is easily produced by the two per-| they fall about 8 ft. on toa lin. boiler plate when re- 
formers each wearing a metal sole to one of their boots, | leased by slides either singly or, as in the tinal crash, a 
which is electrically connected to their swords by/ton at a time. It is curious to note the prejudice 
means of an insulated wire, contact being made by | against iron existing among theatrical machinists ; out 
| stepping on two metallic plates, to which the two) of all the hoisting drums used at the theater, we only 
wires from the battery are joined. found two with iron barrels and gear; the old form of 
The 90 volt intermittent current which is generated, | wooden wheel and axle prevails, and the same remark 
| however, caused an unpleasant shock to Valentine at! applies to the ropes, which, we were informed, con- 
the first performance, when he inadvertently grasped | stantly have to be renewed, whereas if made of steel 
an uninsulated portion of the sword hilt. Steam takes a| wire they would be farmore durable; a wire rope is 
| Very important part in the play; by its aid Mephis-| used in the last act to support a Jacob’s ladder arrange- 
| topheles is apparently evolved from the brazier in the| ment of T-iron, and was pointed out to usasa veritable 
study seene, and throughout the piece disappearances | curiosity on account of its small diameter and guaran- 








of his Satanic Majesty are assisted by the same agent. 
The first question we asked was, How do you get rid of 
the noise, as the vapor appears to spring up silently 
and mysteriously from the stage floor ? On being led be- 
low, we found the appliances to consist as follows: A 
gas heated boiler supplies steam at 60 1b. per square 
inch pressure, which is led by 1 in. pipes to a valve 
near the point of escape, from which the pipe is enlarg- 
ed to 4 in., and on it funnel shaped openings, also pro- 
vided with taps, look upward. 


This effect, as well as every other stage device, is con- ; 
> or sig-| 
nal string, to which a small weight is attached. On the | 


trolled by the prompter by means of a * pull 


prepare for steam signal the stopcock is opened, the 
contents of the small pipe are allowed to expand 
into the larger one, and, on the second pull, other assist- 
ants open the several cocks which control the admis- 
sion to the stage. Nothing can be simpler or more ef- 
fective, yet the easy method of overcoming the noise 
was only arrived at after many experiments. 

The appearance of fire spurting from the ground 
where the enchanted wine has been dropped is pro- 
duced by a funnel shaped gas pipe, covered with pa- 
ver, held immediately under a grating on the stage. 

he prompter turns up the gas, which is kept lighted, 


| by means of a by-pass, and the particles of burning 


paper give a realistic appearance to the flame. 
We drew attention, in our description of the opera 
of ** L’Africaine,” to the immense weights which have 


to be moved, and gave details of the shipwreck scene, | 


in which a mass of timber framing and superstructure 
weighing seven tons, and having an area of 2,000 square 
feet, had to be brought on the stage in the interval be- 
tween the acts and shifted sidewise a distance of 22 ft. 
This, and the subsequent lowering a distance of 6 ft. to 


the Lyceum Theater, London. The width of the pro-| represent the sinking of the-ship, although a triumph 
scenium arch is 33 ft. 5 in., and from this for a distance | in its way, does not compare with what is nightly un- 


of 40 ft. is the stage proper, the apparent distance being | dertaken at the Lyceum. 
greatly increased by the inclination given to the floor, | ous weight has to be moved in a mass, although the, 
The total height was | total weight of scenery which has to be planted on the 
formerly 48 ft., but on account of the very large quanti-| stage, both in the representation of the St. Lorenz! 


which is about 14 in. to the foot. 


It is true no such ponder- 


ty of scenery which has to be changed during the pro-| Platz and the subsequent cathedral scene, is probably 
duction of ** Faust,” and which, failing other stowage | much greater. 


space, has to be suspended, it was found necessary to 
specially raise the roof of the theater 12 ft., thus mak 
ing the total available height inside 60 ft. The scenery 
employed is nearly all ‘built up,” instead of painted 
on the flat, to give a perspective appearance—that is to 
say, constrneted of moulded cardboard colored to imitate 
stone or brick ; this, although a great improvement on 
the usual plan of painted canvas scenes stretched on what 
are termed ‘‘ frames,” would be much heavier to move 
if the friction were not overcome by the use of small 
India rubber covered wheels. 

The “ wings,” or side scenes, are held in place by 


braces, iron supports covered with leather to prevent | signs. 


noise, jammed against the framework, and secured to 
the floor by a stage screw. This small matter occupies 
the attention of a man whose sole duty is to attend to, 








On the Continent long waits between the acts are the 
rule, but at the Lyceum the curtain rises after twelve 
minutes’ interval, so that in order to lose no time the 
different heavy parts of the seene which represent the 
statuary, archway, market cross, etc., have to be kept 
ready slung in the flies, and are immediately lowered 
by signal on to the framework, which is quickly fitted 
together. There is no noise or bustle on the drop cur- 
tain descending, the scene-shifters, who all wear India 
rubber shoes, fall into their respective places much like 
men-of-war’s men at station drill, all doing their allot- 
ted work at the word of command, which is given by 
In this scene a very curious effect is produced 
which has puzzled many professionals, in that on the 
curtain rising the stained-glass windows of the ca- 
thedral appear to be illuminated, and later on the 


perhaps, six braces, and to fix and remove the stage| whole side of the church becomes transparent, dis- 


serew at the word of command. 


The lighting is obtained from gas, the side lights, | congregation at mass before the high altar. 


riests and 


covering Marguerite at prayer, also the 
‘o produce 


which are removable, being produced from gas bat-/| this, two scenes are painted, one on opaque linen, and, 
tens, vertical pipes containing a number of Argand|in front, one on very fine gauze ; the stained glass win- 
burners, the top lights being similarly produced by. dows are made of silk, and are let into the opaque cloth, 


teed strength. 

| One other point we think is worthy the attention of 
| stage nanagers--that is, the introduction of hydraulic 
| power to lower the heavy curtain and drop, which 
might be easily acomplished by the prompter; as yet, 
however, we believe the Hydraulic Power Company 
, has not succeeded in inducing any theatrical proprie- 
| Soe to try the experiment, which, if successful, would 
| render the services of the six en who attend the cur- 
| tain available for some other work.—Z'he Hngineer. 


DR. AUER’S NEW INCANDESCENT GAS- 
BURNER. 
For the following particulars we are indebted to 


the last number of the Journal des Usines ad Gaz, 
whence the annexed diagram has been copied. The 

















apparatus consists simply of an ordinary Bunsen burn- 
er, above which is suspended a conical cylinder, formed 
of specally prepared cotton or woolen fabric, about 2} 
inches high. 

This cylinder, as will be seen, is supported by 4 
thread of platinum, which runs through its upper part, 
and is attached to two iron rods connected at the top to 
aring. The longer of these rods is mounted upon 4 
metal ring or collar encircling the stem of the burner, 
and adjustable by means of a screw. When the burn- 
er is lighted, there is considerable development of 
heat within the cylinder, which in a few seconds is 
raised to incandescence, producing a remarkably steady 
and brilliant white light. 

Nothing is said, however, as to the actual illuminat- 
ing power (as tested by the photometer) obtained 
from this glowing cone ; and this is a matter on which 
some figures will be awaited with interest. As to the 
material of which the cylinder is composed, if appears, 
according to the specification of Dr. Auer’s French 
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patent, to be either oxide of lanthanium and zirconi la yparatus, but obtained merely imperfect results. | tion to the study of the effluviam, and of the discharges 
um or oxide of yttrium and zirconium. The latter | More recently, I have tried the experiment anew by|of the Voss machine. The photographic results are 
may be replaced by a quantity of erbinm free from a directly upon the gelatino-bromide of silver | shown in Figs. 4 and 5. 

other elements belonging to this group of rare oxides ;| plate, and without even using Mr. Ducretet’s appara-| In studying the negatives, especially the one that 
and the former by oxides whereof the elements belong| tus. A photographic plate having been laid down flat, | gave Fig. 4, I perceived that the pieces of silver had left 
to the group of rare earths which are found in cerite. | 
Further, the zirconium may be entirely or partially re- 
placed by magnesia. 

In the formation of the cylinder, the cotton or wool- | 
en material is plaited into the required cone shape, and 
impregnated with a solution of nitrate or acetate of 
one of the before mentioned substances ; and the tissue 
having been carbonized, there is left behind, as residue, 
the earthy matter in the form originally given to the 
tissue. Consequently, without any special manipula- 
tion being required, the burner may be supplied with 
its incandescent material. 

Dr. Auer does not confine himself to the cone-shaped 
eylinder ; but in the event of other forms being adopted, 
he advises that the more exposed parts of the material 
should be strengthened by a solution of nitrate of mag- 
nesia and alumina. Such is briefly the new incandes- 
cent gaslight which it has been stated is to effect a 
complete revolution in the gas industry.—/Jour. of Gas 
Lighting. “a “€ 
PHOTOGRAPHIC REPRODUCTION OF THE 

LUMINOUS EFFECTS OF ELECTRICITY 
WITHOUT THE USE OF ORDINARY PHO- 
TOGRAPHIC APPARATUS. 

By Dr. M. BoupEt.* 


GENTLEMEN: You will, perhaps, remember that it 
will soon be two years ago that I had the honor of 
showing you a series of experiments relating to the} 
electric conductivity of rarefied gases. The results of | 
these experiments fully confirmed the opinion of Mr. | 
Edlund as to the conductivity of a vacuum ; besides | 
which, they rendered evident the place of formation of | 
the electromotive force that occurs in a glass vessel 
that contains no air and is being traversed by acurrent 
of high tension. From this particular point of view, 
the experiments performed before you gave a slightly 
different solution from the one theoretically advanced 
by Mr. Edlund. At present, I shall set the question of 
principle aside, and put youin mind of one of the ex- 
periments—the only one that has a direct bearing on 
the new facts that 1 am going to talk to you about. 

Three glass spheres, of exactly the same capacity and 
of equal thickness, were traversed at one point of their 
surface by a platinum rod whose free extremity 
reached the center of the sphere, and whose external 
portion was covered bya metal ball. One of these 
spheres was filled with water, another with Dutch 
metal, and the third contained a perfect vacuum. Fi- 
nally, the whole three were covered with tin foil over | 
two-thirds of their external surface. | Fria. 5 

Thus we had three condensers of the same surface, | ae 
whose proper capacity we compared. Now, the sparks | 
resulting from the discharge of them differed much | sensitized side up, I placed two pieces of silver (a five |an imprint of theireffigy. Struck by this fact, I placed 
from each other. That of the sphere containing water franc and a five sous piece) upon it at a certain distance | a sina coin in the center of the plate, and connected 
was long, thin, sinuous, and wanting in brilliancy, and| apart. I charged one of the condensers, and then put-| it with one of the poles of the Voss machine. Then | 
was accompanied with a sharp crackling sound (Fig. 1). | ting its external covering in communication with the| moved all around it an exciter connected with the 
That of the sphere containing Dutch metal was short-! five franc piece, I placed the button of the lower rod!other pole of the machine. The piece was thus sur- 














Fig. 4 Fras. 1, 2, 3. 


er, wider, more brilliant, and less sinuous, and the| upon the fifty centime coin. A spark at once leaped | rounded with an aureola of sparks nearly an inch in 
sound was louder (Fig. 2). Finally, the sphere contain- | between the two pieces. I renewed thesame operation | length. As seen from the positive, all the details of 
ing a vacuum furnished a dazzling, very short and| with each kind of condenser, and then put the plate | the piece were perfectly reproduced. 
wide, almost straight spark, and the noise made by it| into the usual developing and fixing baths. Figs. 1, 2, To interpret the phenomenon was not one of the easi- 
Was comparable to a detonation (Fig. 3). and 8 show the positive print that I obtained. You will | est things todo. Was the sensitization of the silver 
Wishing to fix these phenomena durably, I tried to} see that all the details characteristic of each discharge | bromide to be attributed to a chemical effect of electri- 
photograph the three discharges by means of ordinary | are here reproduced with the greatest fidelity. My ob-| city, to the illuminating power of the sparks, or toa 
— | ject was attained. mechanical action analogous to that which occurs in 
* A lecture delivered before the International Society of Electricians. | I alterward applied the same method of reproduc- | the well-known experiment of ‘ Franklin’s portrait” ? 
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A priori, it seemed to me possible to discard the | and death is now a truism. It is settled that their im- 
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intervention of a direct chemical effect, and this opin- | purities cause all the untimely deaths by disease that 


ion, moreover, was confirmed by other experiments. 
There now remained the mechanical and luminous 
actions. The following are the experiments that allow- 
ed me to solve the problem. 

When we examine the positive proof of the five france 
piece, we see that the salient parts of the effigy come 
out in white, exactly as if a photograph had been 
taken by ordinary ——— Everything, therefore, 
pointed toward the taking of a counter proof by means 
of a matrix in metal. I therefore operated on a very 
old seal of the city of Padua. 

You will see that, this time again, the impressing of 
the negative occurred justasif it had been a question of 


an ordinary photogres®. and the depressions came out | 


in black in the positive proof. Pushing my investiga- 
tions still farther, I drew a figure with common ink 
on very thick paper, which I afterward interposed be- 
tween a metal disk and the photographie plate. This 
time again the reproduction was effected as in the case 
of an ordinary photograph ; and what is particularly 
interesting here is that, although the paper, despite its 
thickness, was traversed by sparks at several portions 
of its periphery, the drawing was not reproduced at 
the level of these points. It became difficult, then, to 
call in a mechanical action of the discharge in order to 
expiain the impression made upon the silver bromide. 
Ou another hand, if this latter effect is really the con- 
sequence of the illuminating power of the discharge, 
we ought to be able to increase the effect obtained by 
increasing the light under the design to be reproduced, 
that is to say, by laying the plate on amirror. Experi- 
ment fully decided in favor of such a hypothesis, for the 
negatives became much sharper, and the contrasts of 
light and shade much more clearly defined. 

Besides, | thought that the efflavium, because of its 
violet tint, must have a higher actinic power than the 
white light of the spark, and the result fully answered 
my expectation. 

‘rom the moment that it was proved to me that the 
impression made on the silver bromide was due to the 


luminous action of the electric efluvium, and that such | 


action reached its degree of maximum when it was re- 
flected by a mirror, it seemed to me possible to repro- 
duce any object whatever, metallic or not. I then 
placed upon a sensitized plate an ordinary photographic 


ecard of which the under side was covered with tin foil, | 
and afterward passed the effluvium over its entire | 


periphery. In this wey I obtained a reproduction of 
the photograph. 

I have to confess that the proof which I show you is 
far from being as perfect as the others ; but this is due 
to two causes, viz., first, 1 am only a bad apprentice in 


ees. and do not yet know what quantity of | 


ight is necessary to give a negative all its sharpness ; 
and second, as the card was varnished, there was con- 
siderable glittering on its surface under the influence 
of the obliquely reflected light. I believe that this 
latter cause plays a large part in the relative darkness 
of this reproduction. However this may be, the princi- 
ple exists. The different prints that I have submitted 
for your examination prove sufficiently that the illumi- 
nation produced by the electric effluviuim, and reflected 
by amirror, permits of reproducing with all its details, 
whether sunk or in relief, any plane object whatever 
laid upon a gelatino-bromide of silver plate. 

Perhaps, on pushing these researches still further, 
we shall reach traly practical results, and find some in- 


dustrial applications of the principle. Not having the | 


necessary leisure to continue the experiments myself, 
I present you with these first tentatives, in order that 
those of you whom the thing interests may renew 
them and make them entirely successful. 

In the train of this communication, some persons 
have objected that as common ink contains iron it 


are not due to individual imprudence or transgression. 
| Authorities and instances without end might be cited 
to prove this, but their real office at the present day 
would be merely to freshen a convietion that has long 
been established in every intelligent mind. ~ 
While Dr. Farr was Registrar-General of Vital Sta- 
tisties for the City of London, his tables showed that 
whenever the temperature of the dirty Thames water 
was over sixty degrees, the deaths from diarrh«ie dis- 





eases in the district dependent on the river water were | 


three times more numerous in proportion to the popu- 

| lation than in the other districts. As was stated in a 
report from the medical members of the Newark Board 
of Health, ‘The majority of sanitarians agree that 
| water is the common carrier of contagious diseases, 
and ali agree that it is the vehicle of two of the chief 
scourges of mortality—Asiatie cholera and typhoid 
fevers.” 

During the visitation of cholera in London, one side 
of a street was ravaged, while the other side, supplied 
with water-from a different source, escaped. An emi- 
nent hygienist says that the always floating products 
of the decomposition of leaves, wood, etc., and all 


assigned for epidemics of typhoid fever. 

The late terrible devastations of cholera in Spain 
eovered in general only the territory just previously 
covered by unprecedented floods, which left in their 
subsidence immense quantities of decaying vegetable 
matter all over the surface of the country. 

The recent frightful epidemic in Plymouth, Pa., was 
literally washed down into the devoted village by : 
clear mountain stream, from the dwelling of a single 
sick family. The report on the Croton water by Elwyn 
Waller, Ph.D., chemist, to the Board of Health of 
New York city, states the chief dangers in drinking 
water to be the nitrogenous constituents that predomi- 
nate in the excreta and decomposing carcasses of ani- 
|}mals, washed down from the entire watershed terri- 
| tory that supplies the city with water, together with a 
more limited, but always present, proportion of such 
matter in the vegetable decay that everywhere is car- 
ried into the streams, besides lower forms of vegetable 
life which are never absent from water except possibly 
in rare cases in artesian wells. 

One great cause of public supineness on this subject 
is a false security in the use of waters that have never 
| yet proved pestilent, and that are therefore assumed to 
be safe for the future also. Nothing could be more op- 
posed to fact, and to fact of constant recurrence, than 
such an inference as this. The Plymouth epidemic, 
just mentioned, and a precisely similar case in Lau- 
sanne, Switzerland, flowed from sources the least prob- 
able, among the conditions of water supply, that could 
be found anywhere in the world; from mountain 
streams of rare purity suddenly contaminated, through 
causes such as can never be generally prevented, with 
the deadliest germs of pestilence. The same thing may 
happen, in spite of all precautions, to any stream, 
spring, or well on which families and even cities are 
depending for this vital element. 

THE DANGERS OF DRINKING 


grow constantly with the growth of population. 


’ 





“Life eminent creates-the shade of death.’ 
Life is suicide. It not only wears itself out, it eon- 
tinually produces and uses the means of its own de- 
struction. This fact is most remarkable with respect 
to cumulative life, or the community of man, in its col- 
| lective operation. Itis not necessary to go to large 
eities for the most striking illustrations of the process. 


forms of vegetable matter, are the most frequent causes | 


Until lately, the most of these local epidemics were 
classed among the inscrutable mysteries of Providence. 
Now, they are clearly known to flow from fountains 
poisoned by the disorders and mistakes of man. The 
channels that convey these human mischiefs are often 
subterranean and long, defying scrutiny, and conse- 
quently their sources are only to be suspected, not dis- 
covered. But wherever a mysterious visitation of 
malignant disease falls upon a community or a family, 
we now look with certainty for the cause in some con- 
tamination, near or remote, of the common elements of 
life, especially water. If we cannot discover it, more’s 
the pity; but we are none the less certain that it exists. 

The inference from all this multitude of facts is irre 
'sistible, that plagues are possible at all times and 
| places, and are actually occurring, from time to time, 

from the sudden and secret contamination of any 
supply of drinking water that is not systematically 
purified. 

| Theoretically, contaminated waters are classed among 
| avoidable causes of disease, but practically they have 
been unavoidable hitherto for nearly all mankind. It 
is from this cause that sanitary improvement lags so 
far behind the other arts of life in this great age of 
progress. Inthe matter of life, health, and longevity, 
man has not yet begun to reap the fruits due to him 
from the progress of science and arts. Not until the 
present hour have the dangers and devastations of 
contaminated water met with their match among the 
masters of applied science. Hitherto, the invention of 
apparatus adequate to the effectual and economical 
purification of all waters, in all situations, and on the 
large and continuous scale indispensable to a real sani- 
tary revolution, has been delayed. This now happily 
accomplished, that which still remains necessary is for 
those who have the ear of the public to rouse the 
public mind out of the apathy of discouragement on 
this subject; to revive sensibility to the appalling facts 
of mortality and pestilence, now preventable, to which 
hopeless use and wont have hardened us. It is time 
for humanity to lift up its head, and begin to aspire, 
not unreasonably, to a better condition on this earth 
than it has ever seriously imagined heretofore. 

Furthermore, there is an opinion to be corrected, but 
which has been industriously fostered (from a motive 
which was good in time past) by the sanitary guides of 
the people themselves, namely, that dirty water is not 
necessarily unwholesome. People in cities especially 
have needed encouragement to drink, and to drink 
without panic, the repulsive water of their aqueducts. 
They might otherwise do worse. It was the best they 
could have, and it was wise to try to shut their eyes 
and make the best of what could not then be bettered. 
Commercial considerations have powerfully influenced 
publicists and even professional men to palliate the 
evils of a water supply for which they could see no 
remedy. But common sense needs only to be left to 
itself to see that dirt is not good to eat. The senses reject 
it with instinctive loathing, and it is decidedly “cheeky” 
in doctors to tell us that we may as well swallow it as 
not. The time is now past for this kind of ‘ pious 
fraud.” There is no further necessity for drinking 
dirty water, to say nothing of poisoned water, whether 
on the Mississippi, the Ohio, the James, or any other 
muddy stream; on water courses lined with manu- 
factories and cities, with their filth-vomiting sewers ; or 
jin eapitals like New York, Boston, Philadelphia, 
| Washington, or Chicago, whose costly water supplies 
are all growing more repulsive, more in peril of secret 
contamination, and more in need of a fresh ‘‘ character” 
every Year from the complaisant medical servants of 
) such municipalities. 

The announcement deserves to command universal 


A single house far up on a mountain side, by a pure | attention—water purification is now a perfected art. 
stream, has in repeated instances, such as I have al- | The thing is done; done on a large and illimitably 
ready referred to, contributed through that stream the elastic scale of quantity and rapidity ; done without 


might be considered as a conductor of electricity, and | Seeds of a plague that decimated populations far and | interruption; done without end; and done almost 
that as the paper is prepared with a silver salt, a|mear. The natural conditions of existence were the | without practical increase of water charges in cities— 


catalytic (?) effect might oceur on the contact of the 
paper with the gelatino-bromide plate. I believe that 
the presence of the varnish is sufficient to dispose of 
such a hypothesis. 

Meanwhile, in order to content the most incredulous, 
I have performed the experiment anew with India ink 
and pastel drawings, and with various papers, and the 
results have been the same in all cases. Moreover, I 
shall before long show that there is even no need of 
having recourse to electricity for reproducing any 
drawing or engraving whatever, thus at once doing 
away with all questions as to conductivity, and prov- 


| most salubrious ; but the accumulation of human life 
|engendered dangers of which Nature knows nothing. 
| And so it may happen at any time and any place, 
where human life accumulates and works unguardedly 
}on the elements that are ‘ ordained to life,” but are 
| liable to become charged from the human system with 
| the germs of death. 
Thus indeed it does happen, here and there, all over 
the world. A woman froma cholera district washed 
| her clothes in a stream in Spain, and half depopulated 
| with cholera the region below, while not a case occurred 
|}above. Modern news collection discloses these sudden 


perhaps two or three per cent. 
| You ean see all this for yourselves on any day and 
every day of the year, in Raritan, Somerville, or New 
| Brunswick, N. J. ; in great manufacturing establish- 
ments, sugar refineries, breweries, hotels, ete., in this 
neighborhood ; andinsuch cities as Chicago, Cincinnati, 
and others, in the West; and at the late Exposition at 
| New Orleans the muddy Mississippi was transformed, 
to the extent of a million and a half gallons per day, 
into crystalline water rivaling for purity and brilliancy 
the water of the most famous bleachery springs, and 
from which had been separated, by accurate demon- 


ing that light alone acts in these phenomena of direct | epidemics with appalling frequency, but their frequen- | stration, ten tons a day of solid filth! 


photographie reproduction.—La Lumiere Hlectrique. 


JOB’S CONUNDRUM. 
A LECTURE ON WATER-SANITATION. 
Before the Polytechnic Association of the American Institute, April 22,°86. 
By WILLIAM C. CoNANT. 


| cy is nothing new under the sun. 

| ‘To quote Professor Cook, of Rutgers College, State 
Geologist of New Jersey: At first, when a country is 
thinly settled, we get pure water from wells ; but asthe 
country becomes covered with towns, cities, and fac- 
tories, the earth gradually becomes filled with their 
}accumulated impurities. Thenceforward, the rainfall 
| and drainage, soaking through the ground and into 
| the wells, makes them more and more unwholesome 
'and dangerous. The same is true of springs. Streams 


| 
THE ESSENTIAL PRINCIPLES OF THE OPERATION 

are four, three of which are exact copies from Nature, 
and the other is an improvement on Nature’s less prac- 
| ticable device. First, the microscopic impurities that 
| will go through anything that water will go through 
| (and these are the most corrupt and dangerous of all) 
must be detached from their state of solution or inti- 
mate diffusion, and conglomerated in particles not too 
|minute to be stopped in the meshes of a fine bed of 


“Wo can bring a clean thing out of an unclean ?” | draining a thickly settled country, or afarming region | sand and coke. Nature has done exactly this thing in 


Job gave it up; but his conundrum has been solved. 
The answer lay under Job’s feet, but it lay 


| where fertilizers are used, and where Paris green and 


too deep | other poisons are freely applied to destroy insects, must | and 


a drop of pure spring or well water in the world, 
as done it in exactly the same way that the an- 


for him to see. Seience (which is nothing but an | often become very much contaminated. The natural | swer to Job’s conundrum does it. How is this ’ 


understanding of Nature) and art (which is substantial-| filterage and chemistry of purification, which suffices | 


ly but imitation of Nature) have in the course of four 
thousand years penetrated the secret, and they have 


| to remove the impurities coming from a sparse popula- 
| tion, is overpowered by the enormous filth of great 


ANSWER: All soils contain traces, usually very 
minute, of the salts of potassium, aluminium, calcium, 
joriron. Kvery drop of water passing through the soil 


also bettered the instruction. What the Creator alone | multitudes, with their often noxious manufacturing re- | is affected by an inconceivably small quantity of one 


had done. man can now do—with improvements. 

But to extract a pure crystal element from the solution 
of mud and mortality supplied by our city aqueducts is 
more than aconundrum. It is one of the most urgent 
of practical probiems for all accumulating communities, 


no matter how pure their original water supRly may | 
r 


have been furnished to them by Nature. For Nature’s 
water-sanitating processes, great and wonderful as they 
are, begin to be overpowered as soon as multiplying 
men and domestic animals begin to crowd together 
and to exhaust her chemicals and choke up her filter 


beds with excess of organic refuse. The problem then | 


instantly arises: how to bring again the clean thing 
out of the polluted. Pestilence after pestilence presses 
the question, from generation to generation, until at 
last it is noticed that the soil beneath the feet of dense 
populations becomes saturated with germs of malig- 


nant disease, which are drained thence into streams | 


and springs, and carried by them to all who drink of 
them. 
That air and water are the grand carriers of disease 


| fuse, and of course fails to do a work for which its 
measure is so inadequate. 

Driven wells have no such exemption as some sup- 
pose. Their water may be good at first, even in a 
crowded city, but the inevitable filth of the situation 
will be sure at length to make its way down the sides 
| of their pipes to the water courses which they drain. 
| Of four samples of driven well water submitted to 
Professor Cook, one after standing beeame black, cover- 
ed with scum, and gave out an offensive odor. More- 
over, the sources of contamination are liable to exist in 
connection with the subterranean water, unsuspected, 
ata great distance from the point where it is tapped by 


a well. Within my own knowledge, a driven well 40 ft. | 


deep, ina valley, was constantly pungent with copperas, 

apparently from the vaults and cesspools of a hotel of 

epidemic repute a mile away on the mountain. The 

silly copperas did nothing to neutralize the organic 

| poisons to which it was applied. All it did was to 

| identify with a poisonous source the water of that deep 
and remote well, and that it did unmistakably. 


|or more of these salts. The effect of the infinitesimal 
dose is among the wonders of chemistry. It seizes 
| upon every atom of soluble impurity diffused in the 
| water, and either transforms and precipitates thei, or 
| sticks them together so that they cannot pass through 
the great filter beds of sand and porous seams of rock 
that Providence has arranged for the sanitation of 
drinking water. These metallic salts, together with 
|the organic and other impurities that they have 
collared and corraled, are thus entirely detained for 
the nourishment and health of plant life, in which they 
| play a second time a part of utility wonderfully out of 
| proportion to their quantity. 

The double sulphate of potash and alumina, com- 
monly called alum, isa pungent and astringent salt, 
which few except children enjoy tasting. It is not 
poisonous, and yet, to keep it in water pitchers, as 
| many of the good people of Richmond, Va., are sai to 
do, in companion chunks to their ice, could not be 
recommended for a salutary effect on the alimentary 
canal, in the long run. But why do they do this? 
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Because the James River water is charged with mud too 
fine and soluble to be strained out. The alum clarifies 
the water by coagulating or massing these fine atoms 
so that they fall to the bottom of the pitcher. The 
good people referred to do not know that a pin’s head 
of alum, properly infused, will clarify a pitcher of 
water as well as a fist-sized chunk. They do not 
know that every drink of pure delicious spring or well 
water in the world has been clarified by nature in this 
way, with no more of metallic salts than you could put 
in your eye without knowing it; and that, moreover, 
this infinitesimal trace itself has been sent to the rear 
with its prisoner particles of impurity. So they drink 
alum water under protest, and think they must keep 
up the same protest against alum-purified water also, 
for the sake of the imperceptible alum that was, but is 
not, in it. In consistency they must protest as well 
against all the pure water that God has given man to 
drink, because of the metallic salts, chiefly aluminic 
and ferric, that have borne an essential part in its puri- 
fication. 

SecoND Factor.—Water in Nature’s purifying 
works (and also in our imitative artificial purifying 
works), after having been prepared for perfect filtration 
bv the aluminic or ferric coagulation of its subtler im- 
purities, is subjected to the second factor in the pro- 
This is a closely compacted bed. of fine sand, 
through which the water is strained. The action is 
progressive, as the water passes downward through a 


cess. 


ing centers or germs of malignant disease are bred and 
nourished are gathered into a condition to be filtered 
out, by the lant that holds them in its embrace 
and accompanies them out into the waste at every 
washing of the filter bed. It is not, however, to be pre- 
sumed that no such germs, though few, can be dis- 
| persed singly by themselves and so fail to be entangled 
| by the coagulant, Although Dr. Frankland entirely 
|eliminated them fora number of days with his coke 
| filter, - we are justified in taking all possible pains 
to make assurance doubly sure by adding Pasteur’s 
method to sterilize or attenuate the vitality of any pes- 
tilent germs that may by accident eseape in the purified 
water. The agent by which this is effected in nature is 
well known to be simply atmospheric oxygen. The 
ability of germs to multiply and do mischief in the 
blood depends on their having been bred and inured 
to asmall supply of oxygen. Ounce highly oxygenated, 
constitutionally, they must perish infertile, when 
smothered in the veins ofa living man. Aeration, there- 
fore, plays no secondary part in the perfected sanita- 
tion of drinking water. In the newsystem the water is 
introduced under pressure, through a strainer of 
numerous small holes, and the attenuated currents thus 
produced entrain as many currents of air with them 
into the close filtering chamber. The elastic air is thus 
| at once compressed and comiminuted in the microscopic 
| interstices of the filtering material, and when set free in 
the outlet pipe, expands each microscopic particle of 





deep bed of sand, which grows denser and denser by | water into a microscopic bubble, so that the whole 


pressure; the close packed bottom sand stops the im- 


ssues as white as milk, and every atom in it, of what- 


purities that were fine enough to pass through the | ever nature, has directly felt what the power of oxygen 


looser top sand. Art, however, betters nature here in 
two respects: 1. Artificial water pressure, being worked 
both ways at pleasure, enables us to wash the sand 


jcan do. After the water is drawn from the pipe, it 

| takes some moments to collapse from the condition of 

| white foam, and then shows clear as crystal, and full 
Y 


every day as clean as ever, and then immediately to/| of the refreshing quality of * living water.” 


compact it again for thorough filtering work. 2. 
filter bed is perfected by an added ingredient not used 
in Nature, which the celebrated Dr. Frankland has 
shown to be possessed of peculiarly valuable purifying 
powers as against malignant germs. 

The celebrated chemist and biologist just referred to 
(Dr. Frankland) not long since presented a paper to the 
Royal Society of England, in which he reported the 
results of a series of exact biological tests of different fil- 
tering materials. Without following these tests through, 
it is sufficient to say that of the materials experimented 
on, the two that proved completely effective as against 
bacteria,-or the organic germs of pestilence, were 
spongy iron and powdered coke. There seemed to be 
little difference in virtue between these two. Both for 
a number of days completely strained the malignant 
germs out of water that was alive with them, and the 
biological test of the filtered water showed not one re- 
maining! Even after five weeks’ use of coke without 
cleansing, a cubic centimeter of water containing 5,932 
living centers came through it with but 86 centers left, 
and probably these were but progeny of previous 
deposits that had accumulated and worked gradually 
through the uncleansed filter. 

Accordingly, powdered coke is largely used in the 
improved water-purifying system, but with two capital 
advantages over Dr. Frankland’s own brilliant experi- 
ment. That is, the coke is in the first place perfectly 
cleansed and renovated every day ; and secondly, the 
bacteria and other living centers, which mostly dwell 
in the organic impurities that breed and nourish them, 
are caught in the coagulated organic matter (by means 
of nature’s great coagulant in spring water, the potas- 
sium-aluminium salts) before the water enters the filter 
bed. 

The action of coagulants in massing impurities that 
are otherwise too fine to be arrested has long been 
understoed, and used principally in the refining of 
sugar. A popular prejudice has existed against refined 
sugar—that is, among the very ignorant—on account 
of the blood that is used to coagulate the soluble foreign 
matters that color and give a rank taste to raw sugar ; 
thus enabling the refiner to remove them completely. 


The | 


| dyeing is done in smal 


Almost every one has heard at some time or other, | 


from some wiseacre, that a little refined sugar heated 
on a shovel will fry out red blood that has been put 
into it in the ‘‘nasty ” process of the refiner. his 
seems too ridiculous, indeed; but a notion precisely 


analogous and equally ridiculous exists, and is not only | 
confessed, but advocated, by persons who would be} 


supposed intelligent and well informed. That notion 
is that the minute injection of alum water that pre- 
pares the soluble impurities for exfiltration by uniting 
them and uniting with them in little appreciable masses, 
and that is necessarily left behind with them (a pro- 
portion averaging for river water gso}o55), has somehow 
got back or in some mysterious way left its animus in 
the purified water ! 
with the ‘‘ bloody ” white sugar. 

_ THe Tarrp Factor in effective water-purification 
is intimately related to the second. It is the daily and 
perfect cleansing of the filter bed. Without this, and 
this too in a ready, practicable shape, to insure its be- 
ing attended to uniformly, no filter can be worthy of 
the name. Filther would be its truer title; for the 
impurities lodged and accumulated in the inter- 
stices of the bed do worse than if they had been left in 
the water; every day increases their contaminating 
power. The sand, ete., in the improved modern filter 
is upturned and washed in a few minutes to perfect 


That wise notion will do togo| 


renovation, as often as one pleases, by a reversed or up- | 


ward current of clean water, which flows as long as any 
remaining discoloration testifies to remaining dirt. 

lhis is the final elimination of both the palpable and 
the impalpable impurities that had been searched out 
and arrested, together with the detective (coagulant) 
that had been sent to find them. If there were any 
Way to filter a foolish notion out of people’s brains, a 
view of this arresting and expelling process ought to be 
sufficient to dispose of the singular whi that the lime, 
Iron oxide, or alum that has been sent to find and ar- 
rest the hidden impurities must in some mysterious way 
relnain as a substitute forthat which it carries off; pre- 
cisely as if the collaring of a thief in the house to be 
marched off to prison must necessarily leave a certain 
quantity of policeman there in his place. If the thief 
s0es to prison, it is because the alleen goes with 
him. In the well washed filter, the coagulant clears 
out with its prisoner, and there is not so much flavor 
of either left behind as there is of the policeman who 
Carries off the thief 








MACHINE FOR DYEING YARN IN SKEINS. 


Up to the present time, most of the machines de- 
| signed for dyeing hanks of yarn have possessed certain 
defects. Some entangle the skeins, others require too 
much dyeing liquid, while most are difficult to operate. 
After an earnest examination of the practical condi- 
tions to be accomplished, Messrs. Manlove, Alliott, 
Fryer & Co. have succeeded in constructing a machine, 
the operation of which leaves nothing to be desired. 

The apparatus consists of two cast iron cheeks (see 
figure), which are connected above by a cast iron cross- 
piece, and below by two long iron rods. A cast iron 
frame for supporting the bobbins slides vertically be- 
tween the cheeks, and a crank at one end sets in 
motion a horizontal shaft through the intermedium of 
jan endless screw. At its extremities, this shaft carries 
pulleys over which run belts that are attached to each 
end of the frame, and that cause the latter to rise or 
descend. ‘The skeins are placed upon square wooden 
bobbins fixed at each end of a shaft that runs in bear- 
|ings affixed to the iron cheeks. These bobbins, being 
entirely free, are easily manipulated. Each shaft is 
/actuated by a pinion that gears with that of the suc- 
ceeding shaft. Atthe center of the frame there isa 
channeled pulley to which a rotary motion is com- 
municated by a gearing placed upon the upper cross- 
piece. The belt is kept taut by a counterpoise. The 

wooden vats, each of which is 
provided with grooves, that receive glass guides for 
yreventing the skeins from getting entangled, and for 
holding them at the bottom of the vat. It is advan- 
tageous to employ small vats, since they require less 
dye liquid, and this permits of making samples with- 
out employing the entire machine. 

If copper vats heated by worms be employed, the 
apparatus may also be used for hot dyeing, and for 
scouring the skeins. 

The process of dyeing is as follows: The dye is 
poured into the vats, the skeins are placed upon the 
bobbins, the frame is lowered, and the guides engage 
with the grooves in the vat. The machine is then set 
running, and the dyeing proceeds without any need of 


vertical sliding motion on the main frame, C C', par- 
allel to and by the side of the tube, A, and are actu- 
ated by the milled head, D. The size of the bulb, A’, 
is so proportioned with reference to the accompanying 
thermometer that the rise or fall of the liquid in the 
tube, A, for any change of temperature is equal to the 
rise or fall of the liquid in the adjoining thermometen 
It follows that if the two liquids are brought level with 
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each other, they will remain always level with each 
other under all changes of temperature as long as 
barometrical pressure remains constant, and any differ- 
ence in their level is due to a change in bar. pressure, 
and is recognized at a glance as a rise or fall without 
the observer having anything to do with the compen- 
sation for temperature. The scale, B B', being proper- 
ly proportioned, and the index or arrow point, E, 








attached to the main frame in the proper position, the 








— ~~ 


MACHINE FOR DYEING YARN IN SKEINS. 


surveillance. Itis thus possible for the workmen to 
leave the machine to itself and proceed to set other 
machines in operation. Ittakes but one man and four 
boys to look after seven machines.—Revue Industrielle. 


A NEW FORM OF BAROMETER. 


| Ln the illustration, A A' isa manometer tube or air 
| thermometer, the upper end of the tube at A being 
open, and the bulb, A’. containing air, the lower part of 
the bulb and about half the tube being filled with 
some non-evaporative fluid. By the side of this is a 
{mercurial or spirit thermometer, B B', which differs 
from an ordinary thermometer only in the fact that its 


nk FourrnH Factor in a perfect water purifying | frame is engraved with part of the barometrical scale, 


System isa most important and interesting one. 


have seen that the organic impurities in which the liv-' heit seale. 





We)! say from 28 in. to 31 in., instead of the usual Fahren- 


This thermometer and its frame have a 





reading is taken at any time by merely bringing the 
two fluids into level (by turning the milled head, D), 
when the index, E, shows the barometer reading 
against the seale. 

In the sympiesometer there were three scales and a 
special ‘* recorder,” all of which had to be consulted at 
every observation, whereas in this there is but one 
seale, and the reading is self-recording. . 

I claim for the new instrument that it possesses the 
following advantages: As compared with the mer- 
eurial barometer, portability, an instrament having 
a range of 2 in. to the inch bar. measuring only 12 
in. by 2in., or with 4 in. to the inch, 24 in. by 4 in.; as 
compared with the aneroid, simplicity and eheap- 
ness of construction, with equal or greater sensitive- 
ness and the advantage of being a for 
temperature.—A. de Normanville, Eng. Mechanic. 
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TUNNEL FOR FOOT PASSENGERS IN 
STOCKHOLM. 


THE most populous part of the Swedish capital is 
situated on the north shore of the Lake Malaren, and is 
divided into two districts, of about equal extent, by an 
elevated ridge of stones and gravel, the ridge, which 
runs in a northerly direction from the lake, and which 
in some places attains a height of 70 ft., constituting a 
great impediment to traffic. 

In order to afford an improved communication be- 
tween the two districts, Captain Lindmark applied to 
the municipality of Stockholin for powers to construct, 
on his own account, a tunnel for foot passengers 
through the hill, and to levy a toll of 2 ore, or 0°27 of a 
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penny, on each person passing through, for a period of 
fifty years, the tunnel afterward to become the pro- 
perty of the town without any indemnity whatever. 
This application was strongly opposed, not only by the 
owners of adjacent houses, but by engineers, who 
stated that driving a tunnel through loose stones and 
gravel, as proposed, would necessarily cause great sub- 
sidences in the ground, and consequent damage to 
the buildings above. The municipality, however, con- 
sidering the great benefit that would result from the 
realization of the project, granted the concession, and 
in the summer of 1884 the works commenced. 

As shown by the engravings, Figs. 1, 2, and 3, the 
tunnel follows the direction of a narrow street, scarcely 
wider than the tunnel itself; this plan, though per- 

















haps not the best for the safety of the houses during 
construction, being adopted in order toavoid appro- 

riation of valuable property. The tunnel has a 
ength of 758 ft., a height of 12 ft. 8 in., and a width of 
13 ft. 2 in. The works were commenced from the east 
end by driving a heading at the bottom level ; a matter 
which offered no a gn 8 as the heading passed en- 
tirely through granite, which was blasted by dynamite. 
The enlargement of the heading, however, caused con- 
siderable trouble, because the crown of the tunnel in 
several instances passed into fine sand lying close to 
the rock. At such places explosives could not be used, 
and the rock had to be broken by means of wedges, 
which was a slow and expensive method. The driving 
of the tunnel from the west end introduced difficulties 
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of amore serious nature, because the ground to be | 
jierced consisted entirely of coarse gravel, intermixed 

with large stones and a small quantity of wet clay. 

Fifty feet from the mouth the tunnel passes between two 

valuable houses, five stories high, built on the slope of | 
the ridge. The distance between these houses was 80 | 
small that the side walls of the tunnel had to be con-| 
structed right under their foundations, which extended | 
down to within 10 ft. of the top of the arch. The| 
foundations of the houses could not in this case have | 
been brought down tothe bottom of the tunnel by) 
underpinning—partly on account of the great depth, | 
but chiefly from the loose nature of the ground. The 

system invented by the Austrian engineer Rziha was | 
from the beginning adopted, as being the safest under | 
such difficult conditions. Moreover, an iron wall of | 
plates, 12 in. square, as shown in Figs. 5, 6, and 7, was | 
made to place against the face of the tunnel as the ex- 
eavation advanced. Notwithstanding these precautions, 
the results were not satisfactory. It was found that 
the gravel, on account of the water and clay it con- 
tained, had no cohesion whatever, and would pass 
freely through even a very small opening. The con- 
sequence was that a subsidence took place in the 
ground above ; and the excavations had not advanced 
more than 40 ft. when the works had to be me ye 
experience showing that if it was proceeded with the 
houses would in all probability come down. 

Under these circumstances, Captain Lindmark 
decided to freeze the earth before making the excava- 
tion by means of cold air, and for this pu he pro- 
eured from Messrs. Siebe, Gorman & Co., anon one | 
of Lightfoot’s patent dry air refrigerators, capable of | 
delivering about 25,000 cubie feet of cold air per hour, 
which was erected in the tunnel as close as possible to | 
the part to be operated on. The position and arrange- | 
ment of the machine is shown in Figs. 4and5. The} 
inner part of the tunnel was formed into a freezing | 
chamber by means of a partition wall made of double | 
planking filled in with charcoal. 

In the middle of September last year the works were 
renewed. By running the refrigerator continuously 
for sixty hours, the gravel inside the freezing chamber 
was frozen intoa solid mass to a depth varying from 5 ft. 
near the bottom of the tunnel to 1 ft. nearthetop. At 
the crown no freezing took place, and though the tem- 
perature at the bottom was as lowas 40 deg. below 
zero Fah., the thermometer would indicate 32 deg. 
above zero at the top, or 16 ft. above the floor. This 
circumstance, however, did not occasion any incon- 
venience, but rather the reverse, as in any case it 
would have been necessary to support the roof with 
planking, which it would have been almost impossible 
to drive in if the gravel had been frozen. The work 
was now proceeded with as before, in sections of 5 ft., 
the excavation commencing at the top, and the iron 
wall being built up from above downward as fast as 
possible. But the great difference was that now the 
whole mass of gravel and stones was solid; indeed, for 
some 8 ft. or 9 ft. from the bottom the iron wall was 
dispensed with, the gravel forming such a hard and 
compact mass that it had to be cut away with special 
tools. After the first commencement it was sufficient | 
to run the refrigerating machine on the average from | 
ten to twelve hours every night, though after heavy | 
rains, when much water percolated through the gravel, | 
it had to work somewhat longer. The machine} 
delivered the air at a temperature of 67 deg. below zero 
Fah.,and worked admirably all the time without a 
single hitch or stoppage of any description. The tem- | 
perature in the freezing chamber was generally from 6 
deg. to 15 deg. below zero Fah., after ten or twelve 
hours’ working, but it soon rose to freezing point when | 
the workmen commenced their operations inside. 

After two sections had been excavated, the partition 
wall was removed forward; thus the contents of the! 
freezing chamber varied from 3,000 to 6,000 cubic feet. 
The arching of the tunnel was completed .as quickly as 
possible close up to the partition, while the earth was | 








stillfrozen. In this way a great deal of the planking / success, and, indeed, only failed to do more because of | the results of the previous worker. 
The|nently the case 


could be removed, and the cavities filled up with | 
masonry. In the top of the tunnel the planking could 
not be removed. The masonry is made up of concrete 
in the proportions of one of Portland cement to two 
and a half of sand and six of broken granite. By using 
concrete all the cavities were quickly and well filled, 
and subsidences avoided. 

About 80 ft. of the tunnel was driven by the aid of 
the Lightfoot refrigerator, with perfect success. In 
the residential house on the north, neither subsidence 
nor cracks were perceptible two months after comple- | 
tion of the work at this point. In the house to the 
south, the front has subsided about 1 in., producing some 
small cracks in the walls. It is, however, to be ob- 
served that this house was not so weil built as the! 
other, subsidences having taken place in it long before 
the construction of the tunnel was commenced. | 

The daily progress while using the freezing method | 
averaged 1 ft. Since then the excavation has been 
carried out on much more favorable ground, consisting | 
of pure sand, which possesses considerable cohesion, | 
and can be safely cut away without being frozen. The 
daily progress now averages 24¢ ft. 

In the middle of May it is expected that the tunnel 
will be completed and opened for publie use. It will | 
be lighted by means of Wenham’s patent regenerative 
burners. The total cost of the undertaking, including 
all expenses, amounts to about £14,000, and to pay 10 
= cent. on — sum, — clearing the working ex- | 

*nses it will require that 4,400 persons should pass | 
through every day.—The Bagines.. 








THE INVENTION OF MACHINES.* 


By Prof. HELE SHAw. 


ALTHOUGH the subject of this paper is one upon 
which so inany minds are practically engaged, and the | 
importance of which none woald dispute, yet, astonish- | 
ing as it may seem, such a thing as a science of the in- 
vention of machines does not exist. The object of this 
paper is to consider what is necessary for the founda- 
— of such a science, and what steps have already 
hi n made in this direction. In order to do this, the 
story of the development of machines must be briefly | 
Htied, and an idea obtained of the manner in which | 
the individual inventor works ; and to this end some! 


* Paper read bet 
Professor Hele Shaw. 
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of the facts recently brought by the author before the 
Society of Arts will be repeated. 

In looking back through the history of the past, with 
a view to form some idea of what was the earliest ma- 
chine, we are met by the difficulty of defining exactly 
what a machine really is. The number of different 
definitions which have been given by various writers 
on machines is very great, but it will be sufficient for 
our purpose to consider a machine to be a combination 
of materials arranged by man so as to enable determin- 
ate motions to be obtained. 

There are strong grounds for thinking that the simple 
fire drill or twirling stick of early nan, which could 
scarcely be called a machine, was the first example of 
machinal motion, though the motion was not continu- 
ous, but alternating, and it was no doubt long after 
that continuous rotary motion was introduced. 
Whether this latter first occurred in the mill for grind- 
ing corn, which passed through the various stages of 
the simple stone, the pestle and mortar worked first by 
the female slave, then by bondsmen, and afterward b 
cattle, consummating in the flat cylindrical stone with 
vertical spindle, whichy was a true though primitive 
machine, or whether in some simple contrivance for 
drawing water or for other domestic purposes, it is im- 
possible to say. At any rate, the first machines were 
actuated by the muscular effort of men and animals, 
and though the use of the latter evinced considerable 
progress, it was a far greater step when the forces of 
nature, other than muscular, were first employed to do 
work in machines. No doubt the power of flowing wa- 
ter was the first so used, probably about the time of 
Mithridates, though the Chinese used water-wheels at 
a very early date. The use of the still more uncertain 


and refractory element wind showed a still further ad- | 
| lubricators, and other important additions. 


vance, and there is apparently no mention of windmills 
in the classics ; indeed, the first authentic record of such 
occurs of a mill in France in the year 1105, one in this 
country being mentioned about the year 1140. 

The greatest difficulties of all were experienced in 
utilizing the molecular motion of heat to actuate ma- 
chines, but the successful accomplishment of this has 
led to results which are incaleula ly great. The inven- 
tion of the steam engine may truly be said to mark a 
new era of machine progress, for it has given to man 
the direction of almost unbounded and at the same 
time perfectly controllable machine power. The his- 
tory, however, of the invention itself, rather than 
what it has led to, is perhaps the most instructive that 
eould be chosen from which to study both the mode of 
machine development and the modus operandi of the 
inventor himself. 

This history is so well known that only its main 
features need be mentioned. The first proposal to use 
the expansive force of steam was apparently made by 
Hero of Alexander more than 2,000 years ago, but not 
until the revival of learning in the 16th century, or 
nearly 1,700 years afterward, does another reference to 
the subject occur. Then Cardan, Matthesius, Besson, 
Ramelli, Porta, De Caus, and many others refer more or 
less vaguely to the use of the expansive force of steam. 
This was the period of speculation, though the time 
was not ripe for practi results, and neither know- 
ledge of scientific principle nor of the use of materials 
was sufficiently advanced for much more than this. 
The first steps were thus taken toward the period of 
application, which may be said to have commenced 
about two centuries ago. We find at that time that 
science had progressed ; the art of working iron was 
well established, and many machines existed. The in- 
ventor who then took up the subject, and carried it far 
beyond what others hell dene, was the second Marquis 
of Worcester. This worker, however, in spite of his 
original wealth, influence, and learning, after spending 
a great portion of his life on the problem, died poor 
and unsuccessful. 

Time went on, and Savary, no doubt well acquaint- 
ed with what the Marquis of Worcester had done, 
made a steam pump, which had a certain measure of 


the imperfect nature of materials then available. 


be proved by a study of the progress of textile or 
printing machinery, machine tools, instruments and 
machines for measurement, modern weapons of war, 
and a variety of machines of other kinds. Time does 
not, however, permit more than a statement of what 
aggesr to be the salient features common to the history 
of them all. 

The first of these seems to be that progress does not, 
as a rule, take place in the direction of simplification, 
but rather from simple to complex forms, accompanied 
by more definite, reliable, and constrained machinal 
motions. In proportion as the machine becomes capable 
of performing more extended operations and accom- 
plishing them by itself, requiring less human interven- 
tion—that is, becomes more automatic and self-regu- 
lating—so the parts multiply and complexity increases. 
This Professor Kennedy, in his translation of Reu- 
leaux’s work, bas called an extensive and intensive 
growth ; extensive in increased range of operations, 
and intensive in increased internal power of action. 

It is most important to avoid mistaking the unneces- 
sary additions which any inventor may introduce in 
the particular form that the invention takes in his 
bands, and which additions he may possibly ultimate- 
ly diseard himself, with the progress of the essential 
parts of the machine as a whole. 

Not less important is it to distinguish between ap- 
parent and real ey Complexity does not 
mean mere multiplication of parts, but the addition of 
arrangements which perform special operations, or 
have certain functions which give the whole a greater 
completeness, as, for instance, in the case of the modern 
sewing machine, the Maxim machine gun, or perhaps 
best of all the modern condensing steam engine, with 
its automatic expansion and reversing gear, automatic 


Neither must the idea of any machine as a whole be 
confused with that of the separate arrangements which 
it contains, and which in themselves constitute perfect 
and complete machines. Taken by themselves, there are 
undoubtedly an enormous number of simple machines 
which in the process of their evolution have been shorn 
of unnecessary parts. Such machines are, of course, 
made more simple by this, but it is the skill of that 
most complex structure, man, which is required to use 
them if complex operations are to be performed. - 
fore such machines can become automatic in their 
action, they must be made complex to an extent de- 
pending on the nature of their work. Now, the ten- 
dency of progress is ever in the direction of replacing 
manual labor by machines actuated by the other 
forces of nature, that is, the tendency is in the direc- 
tion of making machines more and more automatic, 
self-regulating, and self-contained, and probably there 
is no branch of industry that does not corroborate this 
statement in a more or less marked manner. This 
must lead tocomplexity in machines in the sense which 
the author has in view, as contrasted with the addition 
of complications of redundant or badly constructed 
parts, which latter make the machine less efficient and 
reliable, while the former are essential to its increased 
pew in enabling the required determinate motions to 

obtained. 

The second conclusion which may be drawn from 
the history of machines is that their progress depends 
upon the growth of the other arts and sciences. This 
may seem obvious, but it is, nevertheless, a point often 
overlooked. 

Lastly, it is clear that machines are not as a rule the 
product of the genius of one man alone, but of the suc- 
cessive labors of many minds, and are a growth rather 
than a sudden creation. The same remarks made 
above might be here repeated with regard to what is 
meant by machines in this statement. No doubt many 
simple machines are made and perfected by one invent- 
or, but the completed machine is arrived at even then 





by a gradual process. In the great majority of cases, 
however, in which this is apparently the case, the in- 
ventor really started from the vantage ground of 
This was emi- 
in the development of the steam 


modern pulsometer is, in fact, an automatic Savary| engine; but to take another example, the dynamo, 


pump, which the progress in the use of_ materials has 
not merely rendered possible of construction, but made 
a machine of the test use and importance. 

So with Denys Papin, who invented the steam cylin- 
der, but has left a significant record of the reason of his 
failure to do more than he did in the form of an unfin- 
ished cylinder in the Court of the Museum at Cassel, 
in Germany. Newcomen, the blacksmith, assisted 4 
Cawley, the glazier, succeeded where Papin had failed, 
and made the first steam engine with a cylinder. 

Humphrey Potter and Beighton made important ad- 
ditions in the way of automatic valve gearing to the 





machine of Neweomen, by which it became more com- | 


plex but more efficient, though it was still a crude and 
wasteful thing compared with the engine as it left the 
hands of its next and greatest inventor. James Watt 
began his study of the subject in 1763, at the point to 
which it had been brought by previous inventors, as he 
was led to examine the defects of the steam engine 
from a model of that of Newcomen at the Glasgow 
University. 

His first and greatest contribution to the problem 
was the separate condenser ; but it is only ible to 
sum up his work, and it may be said that Watt found | 
the steam engine single-acting, and merely capable of 
exerting a force in one direction. He left it double-act- 
ing, capable of giving continuous rotary motion, self- 
regulated, vastly more economical and reliable. To 
attain all this, he, however, had to invent and apply 
much more complicated valve arrangements, packing 
for glands, parallel motion, governors, separate con- 
denser, hot-well, air pump, crank or its substitutes, the 
sun and planet motion, and fly-wheel, not to mention 
a great number of mechanical details, such as extra 
bearings, connections, ete., for carrying these additions | 
into effect and for constraining the motion of the vari- | 
es — so as to make the action more certain and re- | 
iable. 

In reading the life of Watt, it is evident that his 
greatest difficulties were not in conceiving ideas, but 
in executing them, and that the struggle to find ma- | 
terial and workmen represent largely his efforts during | 
the interval of twenty years which elapsed before sue- 
cess rewarded his efforts. 

The history of all the other important classes of 
machines is similar to that of the steam engine, and 
the experiences of their inventors much the same as 
those of inventors of the steam engine. This might 





which as a machine is very simple, is quite a modern 
invention, but before Siemens, Gramme, and others 
evolved the well-known machines bearing their respect- 
ive names, Pixii had in 1833 constructed a magneto- 
electric machine in which the magnet revolved and the 
coil was fixed, Saxton had improved on this with a ma- 
chine in which the magnet was fixed and the coil re- 
volved, and Clarke had again improved on the machine 
of Saxton. 

The study of the history of machines shows us inci- 
dentally how the typical inventor has worked. He has 
some object in view which he strives to accomplish. In 
some rare instances, asin the case of James Watt, he 
studies the scientific principles, but even then the ae 
cess of invention is more or less a groping in the dark 
on some of the stepsin which the light of scientific 
knowledge is flashed, while in most cases it is in almost 
total darkness. Thus, as Reuleaux has pointed out, 
there arises that reverence for the inventor, which is 


|greatly due to the fact that he has succeeded bya 
| process which is unintelligible even to himself. 


The 
result of this absence of scientific method is shown 
by the fact that the lot of the large majority of invent- 
ors is simply failure. The statistics of the patent 
office furnish striking testimony to the truth of this as- 
sertion. A diagram was shown representing the curves 
obtained by plotting the number of applications in each 
year for patents since the important Act of 1852 ; the 
years being given along the horizontal scale, and the 
number of patents applied for and proceeded with, for 
3, 7, and 14 years, were respectively shown by the cor- 
responding heights of points on the vertical scale, by 
joining which the curves were obtained. 

The point to be first observed is the large number of 
applications not proceeded with and the great drop in 
the number of these carried on after three years, lastl 
how smail a proportion survive the seven years’ period. 
Now, the greater number of these patents are for ma- 
chines or mechanical devices, and it may be asked, 
Why does all this failure occur }—which, large as it is, 
only represents a portion of the non-success of workers 
at new and improved machines. Some small portion 
may arise from want of funds to carry on the work, 
but chiefly it arises either from a discovery of want of 
novelty or of impracticability of successful execution and 
working of the machine, that is to say, from i 
either (1) of previous achievements or (2) of scientific 
principles, or from (3) the want of suitable materials 
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or of properties of matter which are not forthcom- 
ing. 

With regard to the third of these, experience, and ex- 
perience only, can assist the inventor; but it may be 





well to remember how frequently the advance in our | 


knowledge of the properties of matter is overlooked. 
Thus, great advance in the design of many machines 
may be expected, if the results of recent experiments 
on friction are applied in the same way that knowledge 
in other directions—for instance the use of steel—has 
been applied. 

With regard to the first, experience is again the great 
desideratum, but much might be achieved in the way 
of classifying in a better manner than is done either in 
our own patent office, or in any other patent office, 
or indeed anywhere else, the inventions which have 
already been made. The multiplication of patented 
inventions alone, especially in the last year or two, 
urgently demands an improved classification ; and the 
so-called * search” in patent office records for antici- 
pation of any invention, at any rate in the case of in- 
ventions of ordinary machines, is at present such an 
appalling task as to be often given up in despair, even 
if begun atall. This leads to a consideration of the 
second point, that is, of the scientific principles of ma- 
chines, for without a science of machines, scientific 
classification is impossible. It was not to be expected 
that a science of machines would be originated before 
machines had themselves reached a certain stage of 
development ; but that after it had been originated it 
would itself follow, as other sciences have done, the 
law of evolution. Such has been the case with 
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principles. Previous attempts to introduce symbolical | formed scientifically, not to say by rule. It is well, 
representation of machine parts had only been parti- | however, to remember that chemical science only a few 


ally suecessful, even for trains of wheelwork, while for 
general purposes they had been eminently unsatisfac- 
tory. he value of Reuleaux’s system is shown by the 
concise way in which it represents the remarkable 
results of his analysis of machines, and puts the other- 
wise impossible task of understanding at any rate the 
leading features of all the various machines within 
measurable distance of being grasped by the human 
intellect. Butmorethan thisisdone. After analyzing 
a large number of machines, Reuleaux concludes by 
what must be regarded as the first effort to found a 
system of kinematic synthesis, or building up of ma- 
chines, in other words, of their invention. 

This part of the subject is that with which we are 
now directly concerned, but it must be confessed that 
it appears to be the least satisfactory portion of Reu- 
leaux’s great work, and this, with our present object 
in view, is certainly disappointing. Perhaps the reason 
for this is to be found in the fact that the motion to be 
obtained, though it truly forms the practical object he 
sought, can, after all, only be earried into actual opera- 
tion by practical means. In short, the definite and 
constrained motions sought after can only be obtained 
by employing suitable materials of the necessary 
strength. The progress of knowledge concerning ma- 
terials has already been shown to have always borne 
an intimate relation to the progress of machines, and 
obviously upon the scientific application of this know- 
ledge must further advance depend. Reuleaux, it is 
true, introduces the idea not merely of rigid solid 





| years ago was merely analytical, but enormous advance 


1as been made in the establishment of laws by which 

synthesis, or the building up of compounds, could be 
scientifically performed. The author will not venture 
an opinion on this point, but hopes the views he has set 
forth may lead toa profitable discussion of the whole 
question by the many members of this Society who are 
so well qualified to speak on such matters. 


EXPERIMENTS AGAINST ARMORED 
TURRETS. 


THE recent experiments at Bucharest are of great in- 
terest to military engineers and artillerists. The im- 
mediate object of the trials was to determine the best 
nature of armored turret to employ in the projected 
fortification of the Roumanian capital, and for this pur- 
pose two rival structures, one designed by Major Schu- 
mann, of the German Engineer Corps, and constructed 
by Messrs. Gruson, of Magdeburg, the other on the Mou- 
gin system, executed by the St. Chamond Iron and 
Steel Company, were submitted to a searching test. 

The Gruson turret is in general of the well-known 
mushroom shape advocated by that firm, the form of 
the surface being such that no portion of it is exposed 
to adirect hit by ashot. For experimental purposes it 
was constructed partly of wrought iron and partly of 
compound plates, about 8 in. thick, in six sectors com- 
pleting the sides of the mushroom, and was covered on 
top by two semicircular plates containing a manhole 
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EXPERIMENTS ON ARMOR-PLATED 


study of machines, which at first was merely descrip- 
tive; but as machines multiplied, some classification 
became necessary, and attempts were made to effect 
this. Reuleaux,in his sketch of science, considers 
Leupold to be the first to separate (in 1724) single 
mechanisms, but that nothing like a system was formed 
until quite the end of the 18th century; he proceeds 
to review the various attempts to found a science of 
machines upon fundamental principles, but it must 
here suffice to say, though each worker has taken a 
part in the progress of science, yet no one succeeded in 
founding a system which has had a practical applica- 
tion, and we therefore come at once to the system of 
Professor Reuleaux himself, as set forth in its latest 
form rather more than ten years ago. 

The deep and far-reaching principle upon which the 
system of Reuleaux is based is that of the mutual con- 
tact of the moving parts of a machine. In all cases 
these parts must have the property of mutual envelope- 
ment, if their relative motion is to be constrained and 
definite ; and this correspondence or pairing, which is 
an essential feature of the machine, leads to the state- 
ment that a machine consists solely of bodies which 
thus correspond pair-wise, reciprocally. Pairs join to- 
gether links, and links form a chain, and achain is a 
machine. It is by the combination of chains that any 
and every machine, no matter how complex, is formed. 
This method of viewing the machine problem leads to 
a watter of the greatest importance, viz., the con- 
struction of a “ notation” for machines upon scientific 








bodies and flexible solid bodies (as belts, cords, ete.), as 
Willis had done, but also fully considers, from a kine- 
matic point of view, the machinal properties of liquids 
and gases, and one of the most important and interest- 
ing parts of his work deals with this subject. This is 
a great advance, but still there is an immense field un- 
touched by this system, as, for instance, the nature of 
the best forms to be given to the links, or, most im- 
portant still, the actual effects from the contact be- 
tween different materials, the nature of which very 
often entirely decides the fate of a new machine. On 
these points our knowledge is yet far from complete. 
In addition to mere motion and the question of 
materials, the scientific application upon which the 
forces of nature can be is to overcome the resistance 
to the required motions in the machine have frequent- 
ly to be considered by the inventor. 

These three branches of knowledge now considered, 
viz., motion in machines, the nature and strength of 
materials, and the forces which are required to actuate 
machines, are studied under the heads of Mechanism, 
Machine Design, and Prime Movers, and collectively 
represent the present state of the science of machines. 
It must therefore be admitted that the statement at 
the beginning of this paper is correct, and that no de- 
finite science exists which can be directly applied to 
the invention of machines. 

When the difficulties in the way of such a science are 
realized, it may be perhaps doubted if its ultimate 
establishment is possible, and if invention can be per- 
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TURRETS AT BUCHAREST. 


for directing the guns. In the interior two 6 in. Krupp 
breech loading guns were mounted on the peculiar non- 
recoil system proposed by Major Schumann. Each gun 
rests on a framebed which pivots in front immediately 
underneath the porthole of the turret and moves up 
and down on two vertical curved girders solidly at- 
tached to the lower framework of the turret and 
to the roof plates overhead. The gun being supported 
from the rear by the same curved girders, there is no 
recoil on discharge, the shock being distributed 
through the girders to the general mass of the turret. 
The whole turret rests on rollers, and is turned by 
means of ordinary rack and pinion gear. The French 
turret was constructed in accordance with the results 
obtained at St. Chamond during the extensive trials 
which were carried out in the year 1884, and which, in 
the opinion of the firm, established the superiority of 
soft wrought iron over cast iron, compound, or steel 
armor when exposed to a long continued attack by pro- 
jectiles striking the plates perpendicularly to their 
surfaces. The turret in consequence differed materially 
from the German, both in material and design, and 
consisted of a wrought iron cylinder about 18 in. in 
thickness, covered by flat plates also of wrought iron, 
7 in. thick, carried on an iron substructure which con- 
tained the turning mechanism. 

Both turrets were protected toward the front by @ 
glacis armor of chilled cast iron made at the respective 
factories, finished off with blocks of concrete. From the 
front there was a notable difference in appearance of 











n 
d 
it 
of 


n 





SCIENTIFIC AMERICAN SUPPLEMENT, No. 542. 





8655 





May 22, 1886. 











the two turrets, the German, owing to its form, being 
barely perceptible, while the French turret, standing 
higher, offered a considerably better target. From the 
base of the under structure to the highest part of the 
roof the German turret measured only about half of 
the total height of the French one, affording a con- 
siderable reduction in time and cost of construc- 
tion. In either turret two 6 in. guns were mounted, 
Krupp and De Bange, the former weighing about 3 tons 
and firing projectiles of 70 lb. weight with a powder 
charge of nearly 20 lb., the latter a lighter gun of 24¢ 
tons, with a projectile 88 lb. and a charge 19 Ib. 

The trials commenceda on the 18th December with 
some rounds from each turret to test its stability and 
facility of movement, and were followed by a long 
course of experiments to test the accuracy of fire there- 
from, the rapidity with which fire could be maintained, 
and the effect of the firing on the structures them- 
selves. 

Each turret fired 80 rounds, of which 20 were directed 
at a target 2,700 yards distant, measuring 20 ft. high by 
33 ft. long. In this firing the target was struck 9 times 
by the French and 15 times by the German turret. As 
regards rapidity of fire, six minutes were required be- 
tween the rounds on the German turret and only 34% on 
the French, the superior training mechanism of the 
latter considerably accelerating the rate of discharge, 
a complete revolution of the turret being carried out 
in each case between the rounds. On examination of 
the two structures on conclusion of these rounds, no 
prejudicial influence was observed on either turret. 

On the 26th December, both turrets were subjected 
to the attack of two 6 in. Krupp guns and one 6 inch 
De Bange placed in battery at a distance of 1,100 yards. 
The French turret was the first assailed ; 29 and shell 
from the Krupp gun and three shell from the De Bange 
gave 25 hits on the cylindrical part of the turret. The 
greater portion of the hits were glancing shots, which 
did not penetrate deeply into the plates ; two, however, 
struck normally and penetrated about 9 in., and a salvo 
of three shot, which struck near the upper edge and on 
the joint of two plates, broke off a large piece of plat- 
ing and narrowly failed to completely perforate the 
turret, a result which was considered to prove that the 
French structure was incapable of withstanding a 
prolonged bombardment. Fig. 1 shows the general 
state of the turret, and Fig. 2 the broken portion. On 
the following day the firing was continued, five hits 
being obtained from nine rounds (Fig. 3). As this com- 








Fig. 6, 





the two turrets, and though the accuracy of fire of the 
mortars received much commendation and the shell 
fell in groups close around each turret, not a single} 
one of these 165 rounds fell on the turrets, and conse- 
quently no evidence was afforded as to their relative 
powers of withstanding a fire of this nature. This re- 
sult is to be regretted, inasmuch as, looked at from a 
purely structural point of view, the Gruson turret ap- 
pears to offer considerably superior powers of resistance 
to vertical fire, as compared with the flat-topped 
French turret; and no part of the trial would Rave 
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furnished more interesting results, had the mortars 
only succeeded in placing a few of their heavy shells on 
the turrets. As the turrets only measured about 19 ft. 
in diameter, it is evident that they presented a remark- 
ablys mall target to vertical fire ; but the fact that such 
a large number of rounds were fired from the very ac- 
curate rifled mortars which are produced by Krupp, is 
one of very great significance and importance, and 
will not fail to receive the close attention of all artil- 
lerists. The complete immunity from the effects of 
this most dangerous form of attack displayed by both 
turrets, combined, in the caseof the German turret, with 
an almost equal non-liability to injury by direct at- 
tack, points to an exceedingly high degree of defensive 
qualities, and gives extreme value to a system of forti- 
fication based on these results and embodying these 





turrets as its leading feature. 


spection of the injuries inflicted on each turret, the im- 


portant advantages arising from the curved surface of 
the German turret were saliently demonstrated. 

The glacis armors were next assailed, and it may be 
stated that owing to thé greater height of the French 
structure the guns were laid with an elevation of 0 deg. 
48 min., whereas to hit the German glacis, which lay 
much lower, 1 deg. 22 min. of depression were required. 

Asa result, the blows on the German armor were 
much more direct, and consequentiy more severe, than 
those encountered by the French armor, and the 
damage greater; but in oe ey to the glacis armor an 
alteration easily applied to the disposition of the plates, 
viz., raising them slightly at the back and giving them 
a more rapid dip toward the front, would, in all proba- 
bility, entirely remove the likelihood of their being 
seriously injured, even by close and sustained fire. This 
is certainly that part of thestructure which is best dis- 
posed to resist attack. In neither case would the general 
arrangement of the turrets be likely to suffer much 
injury from an attack directly against the glacis, if 
properly disposed. 

As a final test, both turrets were tried to destruction 
by direct breaching fire. The German turret was at- 
tacked on the compound plate, which had already re- 
ceived 30 hits; 50 projectiles in all were fired, and 24 
hits recorded. By this fire a large piece of the steel 
layer of the compound plate was broken off, measuring 
3 ft. by 18 in. by 3 in. thick (Fig. 7), but on the whole the 
turret took its punishment well, and at the conclusion of 
firing, which had reached a grand total of 156 rounds, 
with 69 direct hits, was declared by the umpires to be 
still serviceable in respect to protecting the guns and 
interior mechanism. 

The French turret, owing to the perpendicular faces 
of its iron armor, suffered much more severely ; 36 hits 
out of 43 rounds practically breached the turret; a 
large piece was struck off the 18 in. plating near the 
top, and the edge of the deck plate exposed, and a deep 
vertical crack caused in the front armor. This turret 
had received 62 hits out of a total of 118 rounds, the 
deepest penetration effected into the armor, exclusive 
of the piece knocked off, being about 11 in. (Fig. 8). 
Figs. 9 and 10 show parts of the turrets after the 
bombardment. 

Following this, the guns were replaced in both tur- 
rets, an operation demanding two days on the French 
structure and less than one on the German, and several 
salvos were fired from both turrets, showing that the 
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pleted the predetermined number of 30 hits per turret, 
the trial was then discontinued. The injury of the pre- 
ceding day was not noticeably increased, and the tur- 
ret retained in full its power of rotation and maneuver, 
sate rounds being delivered from each gun as a test 
thereof. 

The Gruson turret was then attacked, the fire being 
directed against the compound plates, made at Dillin- 
gen, which were placed at the side of the wrought-iron 
plates in which the portholes were situated. Out of 27 
rounds, 13 struck the turret ; six struck on the joint be- 
tween the front plate and the next on its right, forming 
on the right edge of the front plate superficial hair 
cracks (Fig. 4). 

On the 28th December, 23 hits were recorded out of a 
total of 51 rounds. Of all the shot which had struck 
the turret, 13 were grouped close together on the joint 
before referred to. The effect of the last hits was to 
extend the cracks in the steel layer, and to break off a 
small portion of this layer from the wrought-iron back. 
On the whole, the turret was without serious injury, and 
mr Seema its six rounds at the conclusion of the 
attack. 

Having thus exhibited their capabilities of resistance 
to direct attack, the turrets were then exposed to the 


vertical fire of two 8 in. rifled Krupp mortars, using | 5) 


cast iron and steel shell 200 Ib. in weight. The mortars 
were placed at a distance of 2,700 yards, and elevations 
of 35 deg. and 55 deg. were used. On the 29th December 
and three following days 165 shell in all were fired against 
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ON ARMOR-PLATED TURRETS AT BUCHAREST. 


To prepare the turrets for the ensuing bombardment 
at close quarters, all four guns were removed. This 
gave an opportunity of testing the facility and rapidity 
with which, in case of injury, the guns on either turret 
could be removed and replaced by others. Owing to 
the better design of the German turret, and greater 
space available, both guns were removed, the first in 
two, and the second in four hours. Inthe French tur- 
ret, to remove a gun it is necessary to dismount portions 
of the substructure, so that a day and a half were con- 
sumed before the guns were ¢glear of the turret, show- 
ing a great superiority in this respect on the part of 
Major Schumann’s construction. 

The guns having been removed, the turrets were at- 
tacked in front by the before-named battery, which 
had been brought to a distance of 60 yards, the powder 
charges being reduced so as to produce the total energy 
which would be given at a range of 1,100 yards. 

The firing continued with intermissions from the 5th 
to the 23d of January. Four shots were fired at the 
French turret close to the portholes for the guns ; the 
first struck on the edge of the left port and broke up, 
shattering the model gun which had been pla@ed in the 
port ; the other three struck in the neighborhood of 
the ports, giving a maximum penetration of 8 in. (Fig. 


‘The German turret was attacked with seven rounds 
aimed at the front plate containing the ports, but 
owing to the form of the surface the majority were de- 





flected, doing but little damage (Fig. 6). From an in- 


power of discharging their guns effectively had not been 
impaired, notwithstanding the heavy attack they had 
sustained. 

A further attempt was made to hit the turrets with 
an 8 in. rifled Krupp mortar, but with the same result 
as before, viz., that the shell fell close around without 
striking. This concluded the trials. 

As between the two turrets, there can be little doubt 
that Messrs. Gruson and Schumann way be said to 
have carried off the laurels of the trial. The special 
feature of their turret is its inclined surface, and an in- 
spection of the turrets at the conclusion of the trial ex- 
hibited in an impressive manner the great advantages 
arising from this form, when exposed to direct fire. 
Considering the great angle at which the surface of the 
— lie in relation to the small angles of descent of 

he projectiles falling upon them when fired at breach- 
ing distances, it seems a matter for consideration 
whether good wrought iron plates are not preferable 
to compound. 

It would appear from observing the effect of the hits 
on the French or port section of the turret, that this 
might prove to be the case, and it would have been in- 
teresting hada greater number of rounds been dis- 
tributed over this portion of the turret. The tendency 
of iron in acrystallized form to crack under the impact 
of projectiles is intensified, when these latter strike at 
a glancing angle, by the second blow which is delivered 
by the base of the shot while the iron is in violent 
vibration caused by the impact of the point or ogive. 














| 
| 






















SS 














If the surface of the armor can be placed at such an 
angle that no penetration of the point can ensue, it is 
possible that some nature of rolled iron may prove su- 
perior to either compound or steel plates. It is at all 
events clear that inclined armor bas shown its superior- 
ity to ogival-headed projectiles. How it would behave 
in presence of shot with flat or other shaped heads 
would be the subject of an interesting trial. 

As before stated, it is very greatly to be regretted 
that no opportunity was afforded of determining the 


behavior of the turrets when hit by vertical fire, but it | 


can hardly be doubted that the German turret would 
in this case have increased its success. A shell falling 
on the flat roof of the French turret would be able to 
exert its full effect on any part of the whole circle 
covered by the turret roof ; whereas it may be said that 
at most only one-half of the roof of the German turret 
is liable to be struck effectively by a high angle fire ; 
that half of the roof which is removed from the direction 
of attack would present such small angles of surface to 
the falling shot that the latter may be expected to 
glance innocuously. Nodoubt this is the most danger- 
ous nature of fire for both turrets, but in view of the 
actual results obtained it must remain a question how 
far they are in actual action likely to sustain injury 
from this cause.—Hngineering. 
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| that now lay under tribute the thoughts of sanitarians. 


| Artesian wells form one, but only one, source of such 
|a supply ; sometimes as inadequate or impracticable 
| as, at others, generous and beneficent. Were they an 
unfailing source, a universal possibility, so great a re- 

source would command its own full measure of atten- 
ition. Were they always inadequate or unsatisfactory, 
they might be easily dismissed. This inconstant 

feature is an element that makes need for a discrimina- 
| tive discussion of the conditions that determine success 
or failure, since they are a valuable resource in certain 
| regions and under certain limitations, while in other 
| regions and beyond assignable limits, they are only a 


|lure to useless expenditure. On the one hand, large | 


| sums are needlessly spent in endeavors to obtain these 
| fountains, where the essential conditions are altogether 
| wanting, and, on the other, large possibilities of good 
| have lain neglected, to the great sanitary and industrial 
loss of citizens. 

It is the aim of this article to gather into a simple 
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eal, they are here inappropriate. It is the ground of 
common interest, lying in the conditions of success, 
that I am to cover. In addition to all that can be said 
here, special problems will need special study. 

If there lingers in the mind any sense of marvel at 
the flow of artesian wells, it is best to cast it away at 
the outset. Artesian flow is but an expression of the 
common law of flowage, made a little unusual, it is 
true, by its special conditions. Any seeming strange- 
ness springs from our partial observation. We see but 
a part of the stream. The rest lies hidden in the 
earth’s depths, a realm which the imagination is prone 
to people with mysteries. Moreover, the part we do 
most see is a rising stream, that comes gushing up In 
the face of the dogma that water “ never runs up hill.” 
But water flowing up hill is one of the commonest facts 
of nature, an every day, an everywhere occurrence, 
illustrated in every brook, rill, and river, not to say 
spring. Stir up a little trash in the bottom of any 
deep pool in a brook, and see how readily it is borne 





Fic. 7.—Longitudinal section of a stream, illustrating, in part, its upward currents, subordinate to the 
general downward flowage. 
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THE basal principles of artesian wells + are simple. 
The school-boy reckons himself their master. But the 
real problems they present are complex. It is a com- | 
bination of varying conditions, rather than the appli- | 
cation of simple principles, that determines success or | 
failure. Acclear statement of these conditions is as | 
rare as a siinple, but incomplete, exposition is familiar. 
This is perhaps not so much due to any special 
intricacy of the problem, or to any grave obstacle to a 
clear statement, as to the simple fact that it has been 
neglected. 

It has not been the leading subject of any profession. 
Few drillers make the causes and conditions of artesian 
flow a special study, or find it within their province to 
master the geological elements of the question. Few 
geologists, among the multitude of more obtrusive re 
sources pressed upon their attention, find themselves 
able to pursue the subject into its practical details, 
Few citizens have occasion, more than once or twice in 
their lives, to give the matter special consideration. 
This, however, is growing steadily less and less true. 
Drillers are developing the sinking of artesian wells | 
into a specialty, and, through the aid of geological re- 
ports, are mastering the stratigraphical elements of | 
the problem in their several regions. Geologists are | 
solicited with increased frequency for advice and | 
prognostic opinions. Citizens are becoming more wide- 
ly interested in both the practical and the theoretical | 
aspects of the subject. | 

ts importance does not need argument, though it | 
may need emphasis. The problem of a pure and! 
adequate water supply is among the gravest questions 





* From the Fifth Annual Report of the U. 8. Geological Survey, J. W 
Powell, Director. 

+ The term artesian wells in this discussion is applied only to those 
that flow at the surface. Unfortunately,the term ix frequently used to 
denote deep wells that do not flow, a use that is to be condemned. 





Fic. 8.—Section of the Chicago artesian stream, drawn to a nearly true scale. The dotted line repre. 
sents the course of flow, exhibiting the long declining stream from the fountain-head in 
south-central, Wisconsin, the short and relatively trivial rise in the wells at Chicago (C of the 
diagram), and the surface flow from these. The full line, G, representing the surface, shows 
the general decline of the stream. For the purpose of giving clear and striking illustrations, 
most diagrams of artesian wells are given enormously exaggerated vertical scales, and most 


of those of this paper are quite disproportionate in that respect, though the exaggeration has 
been greatly reduced. This diagram is introduced at the outset to forestall the erroneous 
impressions conveyed by such illustrations. 








Fic. 9.—Ideal section illustrating the chief requisite conditions of artesian wells. A, a porous stratum ; 
B and C, impervious beds below and above A, acting as confining strata; F, the height of 
the water-level in the porous bed A, or, in other words, the height of the reservoir or 
fountain-head ; D and E flowing wells springing from the porous water-filled bed A. 


and convenient form such information relative to the 
necessary and qualifying conditions of artesian wells 
as may be capable of brief, general statement, and may 
seem to be serviceable alike to citizen, driller, and 
geologist. There will be no attempt, however, to make 
it an exhaustive exposition of the subject from the 
individual standpoint of either. The citizen will de- 
sire specific information concerning cost, quality of 
water, etc., that cannot be answered in a general dis- 
cussion. The driller will desire constructive details 
and local particulars relating to the succession of beds, 
the texture and structure of the rock, ete., that only 
exhaustive geological descriptions, specially interpret- 
ed for his purpose, can supply. The geologist will de- 


i sire a fuller discussion of the elements that enter into 
| the formation of a professional opinion. It is obvious 
| that, so far as these are dependent on local and vary- 


ing conditions, satisfactory general answers are im- 
practicable, and, in so far as they are specifically techni- 
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up the slope of the pool-bed, and out over the shallows 
below. Disturb the bottom mud above a dam, and 
watch it ascend the steep slope, and pass over the 
weir. 

Certain portions of the water of every stream are 
always ‘“‘running up hill,” though its average mass is 
moving down. 

The bottom layer flows up and down according to 
the inequalities of the bed, while the top layer declines 
more uniformly with the surface slope.* In propor- 
tion as the stream is rapid and eooshed, these layers 
exchange places, and there is a tortuous upward and 
downward flow, in addition to that directly enferced 
by the bottom inequalities, though all are largely due 
to these. The flowing up is merely a way of flowing 
down, i. e., the rising of a part permits the descent of 


|a greater portion, or the greater descent of an equal 


or less part. No portion would rise, if it were not 
forced up by a superior portion pressing down. In the 
artesian stream, we only see the rising column issuing 
from the earth, and the brooklet that flows away. The 
more potent descending volume that forces the flow is 
concealed. This it is the mind’s task to picture 
clearly, 


ESSENTIAL FEATURES OF ARTESIAN WELLS. 


The artesian stream has its source, its underground 
waterway, its ascent through the well, and its final 
descent in the rill that runs away. It is peculiar main- 
ly in its underground conditions. Upon these, chiefly, 
the ascending flow depends. 

Typical examples.—To fashion a simple idea of the 
common class of flowing wells, picture to the mind a 
pervious stratum through which water can readily 

Below this let there be a water-tight bed, and 
et a similar one lie upon it, so that it is securely em- 
braced|between impervious layers. Suppose the edges 
of these layers to come to the surface in some elevated 
region (save that er may be covered with soil and 
loose surface materia]), while in the opposite direction 
they pitch down to considerable depths, and either 
come up again to the surface at some distance, thus 
forming a basin (Fig. 9), or else terminate in such a 
way (Fig. 10) or take on such a nature (Fig. 11) that 
water cannot escape in that direction. Now, let rain- 
fall and surface-waters penetrate the elevated edge of 
the porous bed, and fill it to the brim. That such 
beds are so filled is shown by ordinary wells, which 
commonly find a constant supply in them at no great 
depth. Now, it is manifest that if such a water-fat bed 
be tapped by a boring at some point lower than its 
outcrop, the water will rise and flow at the surface 
because of the higher head in the upper edge of the 
bed. If the surface-water continually supplies the 
upper edge as fast as the water is drawn off below, the 
flow will be constant. 

Prerequisites.—The leading conditions upon which 
artesian flows depend are involved in this simple con- 
ception. Drawn out they are as follows: 

. A pervious stratum to permit the entrance and 
the passage of the water. 

Il. A water-tight bed below to prevent the escape of 
the water downward. 

Ill. A like impervious bed above to prevent escape 
upward, for the water, being under pressure from the 
fountain head, would otherwise find relief in that 
direction. 

IV. An inclination of these beds, so that the edge at 
which the waters enter will be higher than the surface 
at the well. 

V. A suitable exposure of the edge of the porous 





* It is not a little surprising to note how frequently this simple fact, 
common to all streams, is neglected in the study of glacial flows. The 
traces of extinct glacial currents are those formed by the bottom of the 
stream, whose ascending and descending courses are no stranger than 
those of the brook. We “ee one from the top and neglect the bottom, 
the other from the bottom forget the top. 
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stratum, so that it may take in a sufficient supply of 
rater. 
“VI An adequate rainfall to furnish this supply. 
VII. An absence of any escape for the water at a 
lower level than the surface at the well. 
These may be considered in detail, and then atten- 
tion directed to some special practical questions, 


THE WATER-BEARING BEDS. 


There are two general methods by which water finds 
its way through the strata ; in the one—the rock being 
close textured—the water passes through fissures form- 
ed by fracture, or tubular channels formed by solu- 
tion: in the other—the rock being open textured—the 


truth to speak of the whole class as sandstones. All 
sandstones, however, are not sufficiently porous to fur- 
nish a ready for water. In some the interspaces 
are filled with clayey or other impervious matter, that 
insinuated itself among the particles as they were being 
deposited originally ; in others, the pores were subse- 
quently choked by deposits from solution and by com- 
pacting under pressure. 

The degree of porosity is a very important considera- 
tion, when the volume of the flow is to be considered. 
If the entire rock is made up of sand-like particles, the 
larger these are, in general, the greater the water con- 
veying capacity. Some sandstones are so fine grained 
as to be almost impervious. The water merely oozes 
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Fic. 10.—Section illustrating the thinning out of a porous water-bearing bed, A, inclosed between 
impervious beds, B and C, thus furnishing the necessary conditions for an artesian 


fountain, D. 








Fig. 11.—Section illustrating the transition of a porous water-bearing bed, A, into a close-textured 
impervious one. Being inclosed between the impervious beds B and C, it furnishes the 


conditions for an artesian fountain, D. 


water seeps through the pores, permeating the whole 
bed.* 

1. Fissured and Channeled Beds.—Beds that offer 
only crevices and channels as waterways are a very 
uncertain source of fountains, for open, continuous 
avenues of this class do not seem to be abundant in 
strata deeply buried, and the position of such as exist 
cannot be determined beforehand, so that there is no 
certainty of striking them. 

The close textured rocks that fall under attention 
here are chiefly the crystalline class (the granites, 
greenstones, etc.) and the limestones. The clay rocks 
(shales, ete.) are too compact to be in any available de- 
gree water-bearing ; indeed, they form the chief con- 
fining strata. 

The crystalline rocks are much fissured at the sur- 
face, and shrinkage has opened gaping crevices in 
them; but these avenues largely close up and disap- 
pear at moderate depths, and there are no sufficient 
grounds for supposing that they often afford facilities 
for a continuous, generous flow, where they have always 
lain under the protecting mantle of impervious strata, 
and have suffered the pressure of their weight. Ex- 
perience confirms this. None of the igneous or meta- 
morphic rocks are to be accounted available water-bear- 
ing strata unless some known local condition gives them 
exceptional possibilities. 

The limestones are likewlse much _ traversed by 
crevices near the surface, and are, besides, subject to 
the solvent action of the waters passing through them. 
These often form extensive underground channels, 
mammoth examples of which are found in the great 
elongated caves of Indiana and Kentucky. But, like 
the above, these prevail mainly in the superficial por- 
tion of the beds, and are chiefly confined to regions 
where the limestone stratum is not overlain by other 
rocks, and hence not available as a source of fountains. 
The reason of this is manifest when it is considered 
that the solvent action is mainly accomplished by sur- 
face waters. These exhaust their solvent power before 
penetrating far. When the limestone is overlain by 
impervious beds, these surface waters are cut off, and 
hence solvent action is limited to such waters as enter- 
ed at the distant outcropping edge. The cracks and 
cavities of deep seated limestones are often found to be 
healed up with calcite, an index that the waters there 
are depositing, rather than solvent. 

The grounds, therefore, for anticipating success in 

*netrating limestone for fountains are not very flatter- 
ing, though less adverse than in the crystalline rocks. 
However, limestones that have once been exposed to 
surface action, and thereby fissured and channeled, 
and subsequently buried beneath a thick mantle of 
drift clay, are not altogether unpromising. Not a few 
important flowing wells have been derived from them. 
But when the beds have always lain deeply buried be- 
neath impervious strata, they have rarely been found 
productive, so far as my knowledge extends. 

A little computation will show that even if such com- 
pact rocks were notably fissured and channeled, they 
would be a very questionable resource in deep, expen- 
sive wells. Suppose that vertical fissures or tubular 
channels traversed a given stratum at intervals of only 
10 feet. It would be possible to sink twenty average 
bores between each two of them. If the fissures aver- 
age as much as 6 inches, the chances of success would 

about one in twenty, or only 5 per cent. of the whole, 
or, with a similar system of cross fissures, 10 per cent. 
If the ease were really of this sort, however, connection 
with the channels might be made by firing torpedoes 
within the bore. But, in fact, deeply buried limestones 
are to be esteemed a very uncertain dependence, while 
metamorphic and igneous rocks had better not be 
reckoned a dependence at all. Limestones that have 
been once at the surface, but afterward buried, may be 
locally serviceable. 

2. Porous Beds.—Quite in contrast with the close 
textured beds, that are water-carriers only by virtue 
of fissures and channels, are the open textured strata 
that constitute continuous water filled sheets under- 
spreading wide areas, and which can therefore almost 
certainly be tapped at the proper depth. Speaking in 
general terms, these are the only reliable sources of 
“eu ~~ 

0 this class belong beds of sand, gravel sandstone, 
conglomerate, and other less common Focks of Toose 
granular texture. Some of the more porous chalks 
and granular limestones may be classed here. The 
common feature of the class lies in the construction of 
the tock from separate particles, loosely put together, 
leaving small open spaces between them. The porosity 
is of an interstitial, not vesicular, kind. A bed of sand 
padload typical illustration, and it will not be wide of the 





* Of course we are here considering only such generous supplies as are 
available for artesian purposes, not slower peretration of rocks by 


through them, and they are quite incapable of fur- 
nishing a generous flow. Others are so open spaced 
that floods flow freely through them. In nature there 
is every gradation, from open gravels to close sand- 
stones. 

Besides, there is almost every possible intermixture 
of coarse and fine material. The constituents were 
not perfectly assorted. Fine sand and silt are inter- 
— among coarser grains, pebbles, and bowlders. 
This may reach almost any degree of influence upon 
the water carrying capacity of the rock, from a slight 
reduction to its almost complete extinction. 

There is also a very wide range in the degree of con- 
solidation after deposition. There are drift sands and 
gravels that are entirely loose and uncompacted, while, 
at the other extreme, are perfectly consolidated quartz- 
ites and analogous rocks. Itis a general, but quite un- 
reliable, rule that consolidation varies with the age of 
the formation, the Quaternary sands being looser than 
the Tertiary, the Tertiary looser than the Secondary, 
and so on. The rule is founded on reason ; but there 
are many notable exceptions, as the Potsdam sandstone 
of the Upper Mississippi Valley, among the most 
ancient of the old life series, and yet among the most 
loose textured, as well as the most generous of water- 
bearers. It is manifest, therefore, that we cannot rest 
with simple rules or general descriptions. The capabili- 
ties of each formation must be ascertained by direct 
observation of its constitution. This indicates one of 
the good offices subserved by critical descriptions of the 
texture of rocks, even of those which are coarsest and 
whose origin is most obvious. It is a suggestion that 
examinations be made more critical. 


THE CONFINING BEDS. 


No stratum is entirely impervious. It is scarcely too | 
strong to assert that no rock is absolutely impenetra- 
ble to water. Minute pores are well nigh all pervading. | 
To these are added microscopic seams, and to these 
again larger cracks and crevices. Consolidated strata 
are almost universally fissured. Even clay beds are 
not entirely free from partings. 

But in the study of artesian wells we are not dealing 
with absolutes, but with availables. A stratum that 
successfully restrains the most of the water, and thus | 
aids in yielding a flow, is serviceably impervious. It | 





pool up the slope and out, because it is pressed by the 
water behind and confined by that above. Each upper 
layer is a confining stratum to each lower one. his, 
however, is not the sense in which it is a recognizable 
agency in artesian flows. 

1. The Confining Stratum Below.—It is our habit to 
be less solicitous about the tightness of the cover of a 
water-bearing vessel than of its bottom. The reverse 
is the case in artesian wells. The confining stratum 
beneath the porous bed demands less critical attention 
than that above, for if the layer next beneath the wa- 
ter-bed is defectively impervious, some lower layer will 
stop the water. It is only when the lower layers are 
so situated that they can carry the water out again to 
the surface, at a lower level than the water-bearing 
bed above, that they can discharge it, however leaky. 
This is not usually the case, As a rule, when beds are 
bent into a basin, or are inclined, the lower layers out- 
crop at higher elevations than those overlying them, 
as illustrated in Fig. 12. But this is not always so, 
and, even when so at first, unequal erosion of the sur- 
face may reverse the order of height of outcrop, as 
illustrated in Fig. 18. The consequence of a possible 
defect in the layers underlying a water-bed is illus- 
trated in Figs. 13 and 14, ond the descriptions append- 
ed tothem. The confining strata below cannot, there- 
fore, be neglected, though usually less imperative of 
critical attention than those above. 

2. The Confining Stratum Above.—The character of 
the strata that overlie the water bearing bed is criti- 
cally important, for the water, being under pressure, 
tends to rise through them, and, if they are in any de- 
gree penetrable, it will, to that extent, escape, and 
relieve the pressure, and thus reduce or prevent the 
flow. When the capacity of the water bearing bed is 
great, and the fountain head high, moderate defects in 
the cover bed merely cause a reduction in the volume 
and height of flow ; but when the conditions are close- 
ly balanced, either because of low head, feeble supply, 
or obstructed passage, he who assumes to foretell re- 
sults has need to make careful estimate of the amount 
of leakage through the covering strata. 

a. It may be noted that the leakage will be reduced 
in proportion as the pressure is lessened, so that, in 
nearly balanced cases, the loss is less—other things 
being equal—than in cases of high head and free pass- 
age, but itis more critical in determining success or 
Sailure. 

b. The most essential consideration, the nature of the 
rock, has already been discussed. In a more summary 
and general way, it may be here restated that the effect- 
ive imperviousness is somewhat nearly measured by 
the total amount of clayey constituents. But this is 
rather a convenient generalization than a safe rule. 

c. EMiciency increases with thickness. If the cover 
beds are of the highest inipérvionis vtharacter, there is 
little need that they should be very thick, unless the 
fountain head is so high that increased weight is need- 
ed to counterbalance the hydrostatic pressure—an im- 
probable case. But when the degree of impervious- 
ness is inferior, the element of thickness is not without 
consequence, in itself, and, taken in connection with 
the following point, may be decisive. 

2. The element to be recognized here is, I believe, es- 
sentially new to discussions of the subject,* viz., the 
height of the surface of the common ground water in 
the region between the proposed well and the fountain 
head. Itisa familiar fact that the common under- 








ground water stands at varying heights. Our common 
wells testify to this. The subterranean water surface 
is almost invariably higher than the adjacent streams, 
and slowly works its way into them by springs, seeps, 
and invisible percolation. Speaking generally, the 
underground water surface rises and falls with the rise 
and fall of the land surface, only lessin amount. Now, 
if the subterranean water in the region between the 
proposed well and its souree—which we may call the 
cover area—stands as high as the fountain head (except 
at the well, where, of course, it must be lower), there 
will be no leakage, not even if the strata be somewhat 








Fic. 12.—Section illustrating the usual order in w 


water levels of A and B, respectively. 





hich the strata of a basin come to the surface. A 


and B, porous beds; D and E, impervious beds; C, a half-impervious bed; F’ and F the 








water levels of A and B, respectively. 








Fic. 13.—Section illustrating the possible effect of erosion upon strata originally like those in Fig. 
6. A and B, porous beds; D and E, impervious beds ; C, a half pervious bed; F and F’ the 


If the stratum C is not practically a confining 


layer, the water from A will pass through it and escape at the edge of B, so that a flow 
cannot be obtained at a higher level than it, but may be had below the line F’. 


FP 








may be penetrated by considerable quantities of water, 
so that the leakage is quite ss and yet be an 
available confining stratum. The nearest oye to 
an entirely impervious bed is furnished by a thick 
layer of fine, unhardened clay. In this case solidify- 
ing permits the formation of fissures, and the clay rocks 
are less impervious than the original clay beds. The 
clayey shales rank next as confining strata, after which 
follow in uncertain order shaly limestones, shaly sand- 
stones, the various crystalline rocks, and even compact 
sandstones. Paradoxical as it may seem, water itself 
may form a confining agent. I shal — attempt 
to show that it is even an agency of considerable im- 

rtance. In a different and more forced sense an 
llustration may be found in the pool of the brook be- 





water that is almost or quite universal. 





fore cited. The water flows from the bottom of the 








Fic. 14.—Section illustrating the failure of an artesian well, because of defects in a confining bed 
below. A and B, porous beds; D and I, impervious beds; C, a defective confining bed ; 
E, the water level of the stratum B; G and H, wells that do not flow. The bed A might 
give a flow at G and H but for the defect in C, which permits the water to descend into 
B and escape through its outcrop, which lies below the surface of G and H. 


permeable, for the water in the confining beds presses 
down as much as the fountain head causes that of the 
,»0rous bed to press up, since both have the same 

eight. Capillarity does not disturb the truth of this, 
Under these conditions a flow may sometimes be secur- 
ed when it would be impossible if the intervening water 
surface were lower. 

If the water between the well and fountain head is 
actually higher than the latter, it will tend to penetrate 
the water bearing stratum, so far as the overlying beds 
permit, and will, to that extent, increase the supply 
of water seeking passage through the porous bed, an 





* I discussed this subject extemporaneously before the Wisconsin Acad- 
emy of Science in December, 1880, but did not write it out for publication, 
The point is treated in Vol. 1., Geol. of Wis., p. 682. 
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will, by reaction, tend to elevate the fountain head, if 
the situation permit. 

I conceive that one of the most favorable conditions 
for securing a fountain is found when thick semi- 
porous beds, constantly saturated with water to a 
greater height than the fountain head, lie upon the 
porous stratum, and occupy the whole country between 
the well and its source, as illustrated by Fig. 15. This 
is not only a good, but an advantageous, substitute for 
a strictly impervious confining bed. Under these hy- 
drostatic conditions, limestone strata reposing on 
sandstone furnish an excellent combination. 

If, on the other hand, the underground water-surface 
between the proposed well and the source of supply is 


sort must be considered with much circumspection in 
attempts to prejudge success or failure. Another prin- 
ciple enters here, and demands consideration. Let us 
recall the fact that sandstone strata are chiefly the pro- 
duct of wave action along shore belts and off-shore 
shallows. It stands to reason and observation that 
they are thickest and coarsest along the shore edge and 
thinner and finer in the off-shore portion. When these 
beds are afterward lifted and become part of the con- 
tinent, the former shore border is almost universally 
most elevated, and becomes the entrance edge for sub- 
terranean waters. (See Figs. 12 and 17.) 

Now, this edge has a greater water-conveying capa- 
city than the off-shore portion, both because it is thick- 











Fic. 15.—Section intended to illustrate the aid afforded by a high water-surface between the fountain- 


head and the well. A, aporous bed; B, 
The dark line immediately below the 


a confining bed below; and CU, aconfining bed above. 
surface represents the underground water-surface. 


Its pressure downward is represented by the arrow m. The pressure upward due to the 
elevation of the fountain-head is represented by the arrow n. The line F represents the 
level of the fountain-head. There can be no leakage upward through the bed C except near 
the well D. There may be some penetration from the bed C inte A, which would aid the 
flow 








Fie. 16.—Double section illustrating the effects of high and low water-surface in the cover-area. (For 
explanation see text.) 
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Fig. 17.—Section illustrating the possibility of a flow from a bed even when exposed at a lower level 
A, a sandstone bed, thick and coarse at the right, its shore edge, and thinner and finer at 
the left. Band C, confining impervious beds. F, the water level in A. D, a well which 
may flow notwithstanding the lower exposure at E. 


much lower than the fountain head, there will be con- | 


siderable leakage, unless the confining beds are very 
close textured and free from fissures. For example, if it 
be 100 feet lower, there will be a theoretical pressure of 
nearly three atmospheres, or about 45 pounds to the 
square inch, upward greater than that of the under- 
ground water downward, disregarding the influence of 
capillarity, and this will be competent to cause more 
or less penetration of the water upward through the 
ores and crevices of the rocks, and consequent loss of 
fread and forcing power. 

Both of the above points may be illustrated by the 
accompanying double profile, in which A represents a 
sorous stratum inclosed between the impervious beds, 
3andC. The source of water supply is at A, and the 
proposed well at F. Let E be supposed to represent 
the surface of the ground (and for convenience, also, 
the surface of the common ground water) in one of the 
two supposed cases, and D the surface in the other. 
The arrow springing from the surface, E, represents the 
upward tendency of the water in the porous bed, owing 
to pressure in the fountain head, while the arrow de- 
pending from the line D represents the downward pres- 
sure of the ground water, whose surface is represented 
by D, and is, it will be observed, more than equivalent 
to the upward tendency due to pressure from the foun- 
tain head. A flow at F could very safely be predicted 
if the surface were as represented by D, while it might 
be doubtful whether one could be secured if the sur- 
face were as represented by E. 

My attention was first directed to this consideration 
by observing that where the intermediate country was | 
elevated and had a high water level, wells flowed at 
heights surprisingly near theoretical estimates, almost 
no deduction for obstruction and leakage being neces- 
sary, Whereas in those cases where the opposite was 
true there was a very considerable falling short of theo- 
retical estimates. 

THE INCLINATION OF THE BEDS. 


The water-bearing bed and the confining strata that 
embrace it must be inclined so that the edge which 
comes to the surface shall be higher than the surface 
at the proposed well, else there can be no elevated 
source of supply for the flow. The ideal conditions are 
furnished when the strata sag in the center, while the 
edges are upturned so as to form a basin. The water 
then enters the rim of the porus stratum and fills it up 
to the level of surface drainage. If, now, this satur- 
ated stratum be tapped somewhere toward the center 
of the basin, at a point lower than the water level in 
the rim, a stream will be forced to the surface. But it 
is not really necessary that the beds form a basin. If 
they are inclind so as to expose their edges on one side, 
and if by any means the porous bed is choked up in the 
other direction, so that the water cannot escape, a flow 
may be obtained without regard to what may be the 
position of the opposite edge. 

It is highly probably that our sandstone beds as they 
pass off from the old shore belt, along which they were 
formed, into what was then the deeper part of the 
ocean, gradually change from coarse, open sandstone 
to fine grained rock, 2nd so cease to be readily perme- | 
able to water. Along the South Atlantie border, for | 
instance, there are sandstone beds that pitch down be- 
neath the sea. But we have no need to search the 
coast of North Africa for the opposite edge, for there is 
no reason to doubt that the sandstones soon thin out 
under the ocean, and are replaced by a close textured, 
deep sea sediment. A similar fact is true of large basins 
generally. It is not necessary to consider the great in- 
terior basin defective because of the depressed lips 
through which the Mississippi and Mackenzie Rivers 
flow out of it. Experience teaches that we may safely 
neglect the opposite side of the basin in such cases, and 
consider the problems presented as if the porous beds 
became impermeable somewhere in their downward 
extension. 

But even if the sandstone formationis continuous and 
crops out at a lower point than the well, it is not neces- 
sarily impossible to secure a flow, though cases of this 





er and because it is coarser and more open. If, there- 
fore, the surface supply is generous and the outcrop 
in the opposite direction is distant, even though it is 
lower, it may be an inadequate means of discharge, 
because of the great resistance encountered by the 
water in threading its way so long a distance through 
the minute pores of the close rock. 
ditions a well bore near the fountain head (as at D, in 
Fig. 17) may offer to the water a route of less resist- 
ance. The greater ascent through the well may be 
counterbalanced by the greater resistance of the lee 
underground passage. 

The element of resistance makes itself manifest even 
in cases where there is no reason to suspect a change 
either of thickness or of texture of rock. Several im- 
portant wells at Oshkosh, Fond du Lac, Watertown, 
and Palmyra, Wis., flow from formations that outcrop, 
within 50 miles, at notably lower levels. These out- 
crops, however, are not in the line of slope from 
fountain head to well, but more nearly along the line 
of strike at right angles to it. All these wells probably 
owe their success to the high subterranean water-level 
between the wells and their sources, as above explained, 
but resistance to flow through the water-bearing bed 
seems also to serve an important function, else the 
entire head would be relieved through the low out- 
crops. 

It is, of course, to be borne in mind that resistance 
from friction is only developed when motion begins, 
and motion begins only when the water escapes, so 


| that loss must always be reckoned when frictional re- 


sistance is assumed. The function of this resistance is 


Under these con-| 


and (4) the topography of the intervening land and the 
ground-water surface, as previously explained. These 
elements are so varying in their combination that it is 
impracticable to give any definite general rules appli 
eable to wide areas. The best guide will be found in 
studying the results of experience in regions presenting 
conditions, as nearly as possible, similar to those of the 
| proposed well. A study of the local and special con- 
ditions of any proposed well is essential to a trust- 
| worthy prophecy of results. 
THE RESERVOIR OR FOUNTAIN HEAD. 

It is often convenient to speak of the source of supply 
as the reservoir. Erroneous impressions, however, are 
likely to arise from the use of the term. T'wo such are 

uite current, and need to be dismissed. The one is 
| the assumption that the reservoir is a surface lake, the 
other that it is an underground pool, occupying a 
cavernous cistern, as it were. A surface lake is an ex- 
tremely improbable source of an artesian flow. It has 
already been indicated that the water must have a 
ready entrance and flow through the porous stratum to 
give an efficient fountain. But most lakes owe their 
existence to the fact that they have impervious 
bottoms, otherwise the water would pass into the earth 
beneath. This fact stands in the way of their serving 
as sources of artesian wells. Far from being looked 
upon as special fountain heads, lakes are to be regarded 
in precisely the opposite sense. They show that the 
rainfall, instead of going into the strata to feed the 
fountain, is held at the surface and exposed to loss 
from evaporation and overflow. 

The rainfall of a region is discharged in three ways: 
(1) evaporation, (2) surface drainage, (3) underground 
percolation. Artesian wells can avail themselves only 
of the last. Whatever increases the first two decreases 
|the last. In so far, therefore,as impervious surface 

basins aid evaporation and surface discharge, they 
detract from the copiousness of the underground 
mary 
t is a compensating fact, however, that surface 
drainage is usually imperfect in lake regions, as the ex- 
istence of the lakes themselves testifies. Possibly all, 
or more than, the loss from evaporation may be gained 
by this reduced surface flow. This, however, does not 
destroy the force of the general observation, that alake 
is not to be regarded as the special reservoir of an 
|artesian fountain. 

The notion of a subterranean pool has little more to 
| Support it. Tubular channels and cavernous spaces 
| undoubtedly exist, and are occasional sources of flow, 
|or means of passage, and so are, in a sense, reservoirs, 
but not in the import of the term as used in connection 
with artificial fountains, f. e., in the sense of a fountain 
head. 

The reservoir or fountain head of most artesian wells 
is simply the water contained in the water-bearing 
| stratum above the level of the point of flow, or, in other 
| words, the water in the elevated margin of the water- 
filled stratum. To fashion a simple illustration, con- 
| ceive a piece of lead tube to be inclined and filled with 
| sand, the lower end being closed ; let water be poured 
in until the sand is completely saturated. Now, a min- 
iature flowing well may be formed by drilling a small 
hole near the lower end. The water in the sand will 
run out, and, if renewed at the upper end, the flow 
will be continuous. This would be analogous to an 
artesian well, save that here there is a cylinder of water- 
filled sand, instead of a sheet. Now, the reservoir in 
this case is the water in the sand in the upper part of 
the tube. In like manner, in artesian vein the reser- 
voir, so called, or the fountain head, is the water con- 
tained in the elevated edge of the porous stratum. 

This is supplied by the rainfall, and we are thus led 
on, naturally, toward that ultimate source, but on the 
way wewill consider the means‘ of gathering and 
delivering it to the water-carrying stratum. 


THE COLLECTING AREA. 


The outcropping edge of the porous stratum is 
practically the gathering area. Its extent depends not 
only upon the thickness of the bed, but on the angle 








only to render available a portion of the aqueous flow 
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at which it comes to the surface and the effect of 





Fic. 18—Section showing the dependence of the collecting area on the thickness and slope of the 
porous beds. In the left-hand figure the porous bed A is thin, and, coming to the sur- 
face at a high angle, gives but a small section. In the right-hand figure the bed A is 
thick, and, coming to the surface at a low angle, its beveled edge is broad. 











Fic. 19.—Lllustrating a common effect of erosion upon the surface area of the porous stratum, and 
the contour of the resulting basin. The dotted lines show the original contours. 
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Fic. 20.—Section illustrating the advantages of low 
beds. A’ and A” indicate 


at a height greater than the lowest, but inadequate 
outlet. The same principle is involved when several 
wells at different heights draw upon the same stratum. 

Height of ¢ range es Beds.—The relative height of 
the outcropping edge of the water-bearing stratum is a 
consideration of the first importance. It is obvious 
that this edge must be elevated, so that the water 
within it will stand high enough above the site of the 
»roposed well to force an efficient flow after deduction 
is made for leak and the obstruction eneountered 
in the passage. ow much higher than the well it 
must be is a complicated, practical problem, in which 
large deductions from theoretical estimates must often 
be made. It depends upon (1) the distance of the well 


from the source of supply; (2) the capabilities of the 
porous bed ; (3) the character of the confining strata ; 





inclination. A, a porous bed ; B and C, impervious 
porous beds of higher dip. 


erosion upon it. If the porous bed is thin, and out 
crops at a high angle, its edge will not oceupy much 
space at the surface, and will consequently be incapa- 
ble of gathering in a large supply from rainfall. On 
the other hand, if the thickness is great, and if the 
stratum comes to the surface at a low angle, so that its 
beveled edge is wide, it will have considerable extension 
at the surface, and be competent to receive and trans- 
mit a large supply of water. 

Effect of Erosion and Surface Configuration.— 
Porous beds are usually more easily eroded than im- 
pervious ones, though this is by no means a universal 
rule. Soft clayey shale may be more erodable than 
even friable sandstone. The effect of greater erosion is 
usually a reduction of the surface area of the stratum, 
as illustrated in the accompanying figure. 
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The adverse influence of this reduction is, in part, 
offset by the favorable contour of the depression so 
produced. A not uncommon form is a gently sloping 
plain, covered with a sandy absorbent soil, the natural 
result of the disintegration of the porous stratum, and 
these may render a nearly complete a 

The erosion of strata of unequal resistance usually 
results in very ragged, dissected edges. This may 
much inerease the area tributary to the absorbent 
stratum, and be another source of compensation. 

If the region of outcrop is much elevated, and the 
surface slopes are rapid, the rainfall rans quickly 
away, and a less proportion of it is absorbed. In 
flatter regions, the surface discharge is less rapid and 
gives greater opportunites for subterranean percolation. 

In considering questions relating to small wells, from 
which only a moderate discharge is demanded, it is 
sufficient to know, by the aid of ordinary wells sunk 
on the outeropping edge, what is the height of water 
and generosity of supply in the porous stratum ; for, in 
regions of ordinary rainfall, a very small surface will 
gather a sufficient amount. Even if the outcrop is 
very unfavorable, failure will not be likely to result 
from inadequacy of surface supply. But when very 
large delivery is demanded, these considerations are 
not to be entirely neglected. Without doubt, inad- 
equate delivery at the well is more often due to other 
causes ; but a superabundant volume of water, pressing 
for entrance and passage through the porous bed, is a 
condition much to be desired when important and ex- 
pensive enterprises are to be undertaken. 


ADVANTAGES OF LOW INCLINATION OF THE STRATA. 


In addition to presenting a larger collecting surface, 
there are two other advantages usually afforded by a 
low inclination of the strata : 

1. If the productive bed dips but slightly, it lies 
within available reach beneath a larger area. [f it. 
dips rapidly, it soon attains a great depth, unless the 
surface slopes with corresponding rapidity. 

2. Another advantage is usually found in texture. 
The original position of sandstones and similar beds is 
essentially horizontal. If they are tilted, it is only be- 
eause force has been brought to bear upon them. 
Some degree of compression and consolidation is the 
natural result of this action, increasing with its inten- 
sity. The porosity of highly disturbed beds is, there- 
fore, liable to be inferior to that of those less disturbed, 
other things being equal. 

So, also, the deeper the beds are buried, the greater 
the weight of superincumbent strata, and the greater 
the tendency, probably, to the filling of the pores by 
depositions from infiltrating solutions. 

‘he ideal stratigraphical conditions are found, there- 
fore, when the beds have been gently lifted into an in- 
clined position by a general crust movement, leaving 
them as little curved and depressed as is consistent 
with securing the proper head. A high and efficient 
flow depends more upon favorable conditions of under- 
ground passage than upon a high rimmed, deeply de- 
pressed basin. This is not altogether the popular im- 
pression, fostered by the unnecessarily distorted figures 
of current treatises, 


SURFACE CONDITION OF THE POROUS BED. 
The facility with which water enters the porous 
stratum may be affected by the superficial mantle of 
soil and other unconsolidated material that conceals it. 
In those regions that are not overspread with Quater- 
nary deposits of distant origin, the soil is mainly 
derived from the decomposition of the immediately 
underlying rock. In other words, the exposed margin 
of the bed has simply been disintegrated. A porous 
rock usually gives origin to a still more absorbent soil, 
so that its decayed edge drinks in all the more readily 
the waters precipitated upon it. In the drift-bearing 
regions, the disintegrated surface was more or less 
rubbed away by glacial action, and then overspread by 
a sheet of mixed soil and rock rubbish of the most 
varying character, sometimes absorbent, sometimes 
impervious, often presenting in its own alternating 
layers all the conditions (and sometimes the most fruit- 
ful ones) of artesian fountains. There is a certain dis- 
position of the drift to partake of the nature of the 
stratum beneath, but this has important limitations. 
On the whole, the drift tends toward imperviousness, 
and has the effect of retaining the waters at the sur- 
face. Its superficial contour is usually irregular, hav- 
ing been formed under the compulsion of glacial action, 
and not in conformity to drainage demands, so that the 
water is discharged from the surface less promptly than 
in most other regions, and more time for penetration is 
permitted. This, in some measure, counteracts the 
effect of its imperviousness. But, in truth, the forma- 
tion is so varying, in its embrace of glacial, fluviatile, 
lacustrine, and marine deposits, that all general state- 
ments are inadequate, and even in some measure mis- 
leading. Little more can be done here than to invite 
attention to the diverse influence of this most irregular 
surface mantle. 
(To be continued.) 
PNEUMATIC DISPOSAL OF SEWAGE. 
THE engravings illustrate Mr. Duckham’s system, 
which consists first of an ordinary twin-screw steamer, 
such as is used for carrying merchandise. In the hold 
are two cylind val tanks, each with a capacity of 500 
tons, to contain the sludge, which is admitted and 
ejected through a pipe of 3 feet 6 inches diameter. Air 
pumps, driven by the engines, are attached, which first 
draw in the sewage mud from the tanks on shore, and 
afterward expel it at any desired spot. Fig. 1 is a longi- 
tudinal section of the vessel; 1 and 2 are the steam 
cylinders, and 3 the air pumps. Either the serew pro- 
Pellers or the air pumps may be connected with the 
Steam engines at will. Practically applied to the re- 
moval of the sludge from Crossness, it would be neces- 
Sary to lay a3 foot 6inch pipe main from the settling- 
tanks to the mooring place of the vessel. This would 
Consist of two ordinary dolphins, and, with the pipe, 
would constitute all the permanent works on shore. 
he arrangement is seen in Fig. 2 of our engravin 
= the modus operandi would, according to Mr 
Juckham, be as follows : It is to be assumed that the 
empty steamer has arrived and has moored at the dol- 
phin at Crossness an hour or so before high water. The 
tank-pipe on board is attached to the main from the 
shore, the one adapting itself to the varying level and 
Position of the other by telescopic and flexible joints. 


Meanwhile, the —- have been disconnected 
from the engines and the air pumps attached, by which 
a partial vacuum is created in the tanks. The sludge 
rushes in; within fifteen minutes the engines, indicat- 
ing 1,000 horse power, will have removed 1,000 tons of 
sludge from the tanks on shore to those on board. 
The moorings are cast off. The vessel steams down 
the river, and in, say, 44¢ hours arrives 10 miles east of 
the Nore. 

One of the nes is attached to its air compressor and 
expels the slu from both tanks, while the other 
engine keeps way on the ship, propelling it through a 
semicirele of, say, 2 miles, scattering the sludge across 
the still ebbing tide, and finally heading up stream for 
the return journey. The compressor is then discon- 
nected, and, with both apes at work, the vessel ar- 
rives again at the outfall by half-flood. 

This is more or less the principle of working in Mr. 
Duckham’s dredger, to which we have alluded. In that 
machine the sludge is collected into tanks fitted within 
the vessel, and is foreed by pneumatic pressure through 
a cast iron piping, which passes under the wharf beneath 
a railway embankment and a publie road, and is thrown 
on land in the Isle of Dogs, at a much higher level than 
high water mark, a distance of 500 feet. The constant 
silting up of the basins in the Millwall Dock by mud 
and refuse necessitates a continuous dredging, which 
was — performed by an ordinary dredger ; the 
mud was collected into barges, and then unloaded by 


Fie. 1. 








PNEUMATIC DISPOSAL OF SEWAGE. 


a steam crane upon waste land. This, of course, in- 
volved much expense for labor, and the operation was 
comparatively slow. By Mr. Duckham’s system we 
have seen a cargo of 200 tons of mud, etc., discharged 
in about twenty minutes, at a pressure of 15 lb. per 
squareinch. The saving to the Millwall Dock Com- 
pany was estimated to be £2,000 per annum, but the 
general manager states that, after allowing for interest 
on cost and for repairs, the saving is £3,000 yearly, the 
expense being 4d. per yard, against 11d. formerly. In 
the circumstances, then, the system of disposal pro- 











posed by Mr. Duckham merits every consideration at 
the hands of the Metropolitan Board of Works. The 
more, perhaps, in that Mr. Duckham p to con- 


=~ 
| tract to take away the sludge from the ard’s tanks 
| and throw it into the sea at a very low inclusive price 


percubie yard. All the expense or risk to the Board 
would then be the iron main and the mooring dolphins 
(only a matter of a few hundred pounds), and the pay- 
ment to the contractor of a nominal rate for each unit 
of work actually done. The system also commends it- 
self to the notice of the sanitary authorities of seaport 
towns where difficulty is experienced in respect of sew- 


age disposal.—Jron. 


EDWARD ATKINSON ON THE EIGHT 
HOUR QUESTION. 
To the Editor of Bradstreet’s : 

The late President Garfield once told me that he dated 
his intellectual life from the day on which he listened 
to a lecture by Ralph Waldo Emerson, which seemed 
to him to have set his brain on fire; yet, when he tried to 





time of those only who are engaged in gainful oecupa- 
tions or in stated work in a factory, upon a farm, or in 
a workshop. Such work Uncle Sam does mainly for 
himself, but little assisted by his wife and daughters. 
Aceording to the census of 1880, one person in each 2°90, 
or for convenience we may say that one person in 
three, of the whole population was enguged in gainful 
work for the purpose of earning money, but only a 
very small portion of the force working for money con- 
sisted of women. Does it follow that other women 
were not engaged in most arduous household work ? 
Are not many eight and ten hour husbands sustained 
by fourteen hour wives, who toil almost night and day 
in the work of the household ? Where is the eight hour 
law for them? Who represents them in the legisla- 
ture ? 

So far as the hours of labor of those who work for 
money can be measured, the average hours seem to be 
between ten and eleven per day. The statistics upon 
the subject are not very complete, and the hours of la- 
bor vary greatly in different sections of the country at 
the present time and in the same occupation, as they 
have varied in the same place at different periods with 
in the last forty years. Buftice it that at the present 
moment the present product of labor and capital work- 
|ing together between ten and eleven hours of each 
working day yields more food, more fuel, more material 
for clothing, more material for shelter, and more of 
all the necessities of life than the present popula- 
tion would consume at the present average standard 
of consumption, if it were evenly divided. Why not, 
then, shorten the hours of labor? some one asks. The 
reply is, they are shortening, by consent rather than by 
statute. 

The general work of life is easier and the hours are 
shorter than they have ever been in any previous gen- 
eration, for all persons who possess such a measure of 
personal intelligence as may enable them to grasp 
the opportunity offered them. 

In the absence of slavery or of statute compulsion. 
each man makes his own hours of labor. 

The difference in the consumption of one man con 
pared to another, be he rich or poor, is much more i: | 
quality than in quantity with respect to food measured 
by weight, to textile fabrics measured by yards, or tu 
fuel for heating and cooking measured by tons. 

In respect to the use of the materials which are con- 
verted into shelter, the present distribution is very un- 
even, as well as in respect to the distribution of small 
comforts and of luxuries. There is more inequality in 
dwelling places than in food and raiment. The dispar- 
ity in the dwelling places is almost as great between 
different classes and conditions of working people as it ts 
between the average of all the so-called working classes 
and of all the well-to-do of the employing class. The 

roblem of clothing is almost solved. The food prob- 
em is in a fair way of solution. The problem of Sous 
ing working people in comfort is still unsolved. 

Steam and water power have tended to great and 
unwholesome concentration. If tight, heat, and power 
ean hereafter be widely diffused through pipes or over 
wires, the area of cities may be greatly widened, while 
an intensive system of agriculture may at the same 
time overcome the present isolation of the farmers. 

On the other hand, the proportion which strictly lux- 
urious consumption bears to the total consumption, 
either in dwellings or in food and raiment, is very small. 
There are no data by which what may be ealled luxu- 
rious consumption can be accurately measured, but an 
approximate idea can be attained by an analysis of 
foreign imports. 

The year 1880 was a very prosperous year. There 
was no compulsory idleness, no lack of employment for 
all who were willing to work. There was a quick 
foreign demand for the excess of our agricultural pro- 
duct, which would have rotted on the field except it 
had been exported, because all who were willing to 
work were well nourished with what was left. This 
excess of product which we could not use was valued at 
the ports of export at over $700,000,000. It represente:| 
the year’s labor of 1,300,000 to 1,350,000 persons whe 
were engaged in agriculture and of 150,000 to 200,000 
who were engaged in the mechanical arts or in manu- 
factures. On the whole, it may be computed that be- 
tween 9 and 10 per cent. of all those who wére engaged 
in gainful occupation in this prosperous year found 
their market in a foreign country, without withdraw- 
ing from home consumption a single bushel of grain, 
pound of cotton, gallon of oil, or anything else that 
was needed for home consumption. 








| 


It is often assumed that the returns received in ex- 
change for this export of our excess consist of foreign 
luxuries, and if luxurious consumption may be approxi- 


recall what had been said, he could only remember one | mately measured anywhere, it would be in the propor- 


sentence: ‘‘Mankind is as lazy as it dares to be.” 


It | tion of luxuries in our foreign imports 


But what are 


was a very true saying, and one which all persons who | the facts ? 


attempt to shorten the hours of labor by statute may 
well consider. 


In the classification of imports lately made in the 
Bureau of Statistics of the Treasury Department, we 


The hours of labor during which men and women | find that the imports of 1880 consisted of : 


must work in order to obtain subsistence are cdntrollec 
by conditions which are wholly beyond the reach of 
statutes. This will become apparent if the occupation | 
of all who work for gain, or for a payment in money, 
are sorted and considered, each class by itself, 

Given land, |jabor—mental, mechanical, and manual— 
and capital, applied to the production and distribution 
of food, fuel, shelter, and clothing, and we attain at a 
given time, or in a certain average number of hours a 
day, a certain product, in each series of four seasons 
constituting one year. This product is exchanged by 
the measure of money among the whole population, 
each person obtaining a share, mainly by exchange. 
Very few persons, except farmers and farm laborers, 
consume any part of their own product. We are all 
interdependent. 

Now, if we consider Uncle Sam as a concrete individ- 
ual, or as a person who is working his own farm and 
his own factory, we may readily conceive certain pro- 
positions, and we may reason upon them. 

His land is of unbounded capacity with respect to 
his present wants. It is his knowledge how to work it 
which is limited. His number of hours a day is just 
twenty-four. His necessity is to produce a certain 
number of pounds of food a day, a certain number of 
yards of cloth a year, a certain number of tons of fuel, 
anda certain amount of shelter. He is as lazy as he 
dares to be. 

The question is, What proportion of his time must 





be given to work? How much may be given to rest? In 
reply to the question it does not suffice to measure the 





Articles of food and live animals. .$199,165,963 
Articles in a crude condition neces- 


sary to domestic industry......... 160,055,876 
Articles partly or wholly manufac- 
tured, also made use of in the pro- 
cesses of domestic industry....... 73, 186,963 
y ES 1 A ee oe $432,408, 802 
Manufactured articles ready for 
CR iin 4 025 09 teennednese $130,004,643 
Articles of voluntary use or luxuries 65,141,826 
ee $195, 146,469 
Total of allimports .......... $627, 555,271 


Even if the whole sum of the last two classes be 
charged to luxurious consumption, which would be 
very much beyond a true estimate, the whole expendi- 
ture for foreign luxuries did not exceed $2 in each $100 
of the whole consumption of the United States. By 
far the larger portion of the manufactured articles ready 
for consumption consisted of machinery, chemicals, 
chinaware, railway bars, and other articles of common, 
and not of luxurious, consumption. The actual foreign 
luxuries imported did not exceed $100,000,000 in value. 

If we add to this sum an equal sum for the expendi- 
ture of domestic products upon palatial residences and 
other strictly luxurious pu s, other than the com- 
mon waste upon liquor, which is shared by rich and 
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poor alike, we have not over 2 per cent. of the national 
consumption which can in any sense be called luxuri- 
ous. Rum costs the people of this country three or 
four times as much as all other luxuries. 

Now, assuming that Uncle Sam works for gain at this 
time, aside from household work, an average of ten 
hours and a half a day, which is not far from the fact, 
then it follows that if all luxurious consumption were 
stopped, except the use of liquor, the saving of time 
would be less than the odd half hour, More than 95 
per cent. of all our present work is necessary to meet 
our present standard of common welfare. 

It therefore follows that with our present capital, 
skill, and intelligence, ten hoursor more of gainful work 


are absolutely required in each working day in order | 


to meet the present standard of necessity or of common 
comfort, But it will not remain so. 

Measuring time by generations of 35 years, we may be 
assured that in 1920 Uncle Sam will be able to save as 
much time and effort in the work of gaining a sub- 
sistence as he has saved since 1850, 1860, or 1865. It | 
must be remembered that Uncle Sai has been subjected 
to the destructive influences of civil war during the | 
generation ending in 1885. The last twenty years will 
serve better to measure his progress than the whole 
period. For this purpose a few comparisons may be 
made, a part of them between 1865 and 1885, and a part 
between earlier dates and 1885, 


Estimated gain in the population of the United States, 
1OGG CO 10BG, 2 nce ce rccccccerccerscccens 63 per ct. 


Actual increase in the railway mileage, 1865 to 1885, 
270 per ct, 


1865 to 1885, 
164 per ct. 


Actual increase in the cotton crop, 1865-66-67, com- 


Actual increase in the grain crops, 


pared to 1882-83-84........-.ccceeeeeeeees 176 per ct. 
Increase in the product of pig iron, 1865-66-67, com- 
pared to 1883-84-85,.......... o-ecese os ae pore. 


lnuerease in the amount of insurance against loss by 
fire, 1865-66-67, as compared with 1883-84-85, 
241 per ct. 


Deposit in savings banks in Massachusetts, 1865, per 
head, 47°29; 1885, per head, 141°64; increase per 
CMTE. nccccecccsccccce socce pneatenceneue 200 per ct. 


Wages of average mechanics in Massachusetts in 1860, 
$1.68 per day; in 1885, $2.04 per day; increase, 
21°43 per ct. 

Wages of specially skilled mechanics in Massachusetts 
in 1865, paper $2.75, in gold $2.25 ; in 1885, gold, $3 ; 
Sh ns cada ceases saebehagee 33°33 per ct. 


The prices of 200 commodities, as computed by W. M. 
Grosvenor, were higher in 1865 than in 1885— 
Em CUFFONCS.....cccccccscccccccccsceccces 95 per ct. 


BR MEG. coe pecucenecenss. seccagessanccens 59 per ct. 


The wages of cotton mill operatives in New England 
were higher in 1885 than 1860 by per cent., both 
gold..... Se ebbescceeseccediucs eoccesesees 37 per ct. 


The tons moved one mile on the New York Central 
and Hudson River Railroad increased, 1865 to 1885, 
DP. caccces cecseses sesseceenccevencsocnas 570 per ct. 


The charge per ton per mile on this line was 408 per 
eent. higher in 1865 than in 1885..........408 per ct. 


The profit for moving one ton of freight on this line 
was 552 per cent. greater in 1865 than in 1885, 
552 per et. 

The debt of the United States per capita was greater 
on August 1, 1865, than August 1, 1885, in the ratio 

OG re Oo vc ein 6 ces bb eetcnde sesetes 250 per ct. 


These facts prove that while wealth has greatly in- 
sreased in the period under consideration, the annual 
product has inereased in yet greater measure. The 
necessary result has been a great decrease in the rate of 
interest upon capital, in the profits of railways, and in 
the share of profits which capital has been able to secure 
to itself from the general product. In the same period 
»rices have decreased while wages have increased 

echanics and factory operatives in the Eastern States 
earn in gold coin, on the average, 25 per cent. more than 
they earned in 1865, if the rates then paid in paper cur- 
rency be reduced toa gold standard, while the prices 
of the 200 principal commodities which they consume 
are 59 per cent. less than at that date at a gold stand- 
ard. The figures on which these computations are 
based are the agricultural reports and the census, 
Poor’s Railway Manual,the reports of the Lron and Steel 
Association, the report of the Commissioner of Savings 
Banks, the pay-rolls of several manufacturing estab- 
lishments where constant employment has been given, 
the reports of the Massachusetts Bureau of Statisties of 
Labor, the compilation of the prices of all the principal 
articles of common use, by W. M. Grosvenor, and other 
authentic sources. 

No one questions the huge abundance of the last 
twenty years. Who has consumed it? Ninety per 
cent. at least of the population of the United States 
are wage earners, receivers of small saleries not much 
above the general standard of wages, or small farmers 
who work as hard as their hired men. These classes 
constitute the great body of consumers. If they have 
not enjoyed the increased abundance, what was become 
of it? 

it may be said that a comparison with 1865 is unfair, 
because the scarcity of war had not been surmounted. 
Let this be admitted, and make the comparison on any 
intermediate date, and it will be found that the same 
rule holds, subject to temporary fluctuations, such as 
those caused by the alternate boom and depression in 
railway construction. The rule is that the tendency of 
profits, interest, and prices has been steadily downward, 
while the tendency of earnings and wages has been steadi- 
ly upward, until it can be affirmed that in this year (1886) 
the wages of labor asa whole were never so high aud 
the cost of subsistence was never so low, due regard 
being given to the kind and quality of the dwelling 
place, food. and clothing, as compared with the con- | 
ditions of any ee generation. 

If, then, it 
standard of comfort or welfare, after setting aside | 
less than half an hour a day to meet the demands | 











of luxury other than rum, calls for an ae of ten 
hours’ work on the part of those who work for gain, 
supplemented by yet longer hours on the part of most 
of the women who do the household work, the ques- 
tion arises, How can we shorten the hours to the 
standard of eight, as is now so peremptorily demanded 
by a great many honest enthusiasts ? 

The method usually attempted in this, as in many 
other so-called reforms, is by legislation—that is to say. 
by compulsion. The law says to certain owners of 
capital : ‘If you permit your machinery to be operated 
beyond a certain number of hours a day, the State con- 
stable shall stop you and the court shall fine you.” 

The effect of the law is to limit a certain large class 
of working people and a certain small class of capitalists 
in the use of the one element in life which we all have 
in common, rich and poor alike, and that is in the use 
of their time. The law says, both to the capitalist and 
the laborer, you may use each twenty-four hours which 
you enjoy in common just as you please, provided you 
stop that water wheel or that steam engine, that loom 
or that spindle, that particular sewing machine in a 
clothing factory, that special planing machine in a 
wood working factory, that kind of saw which is 
operated by water, etc., ete., at the end of a certain 
number of hours, say ten, which is now about the 
average where there are any such statutes. The de- 
mand is now being made that the law shall stop all 














these water wheels and steam engines at the end of 
eight hours in each twenty-four. 

This class of statutes is very different from those which 
are, unfortunately, necessary to prevent parents from 
overworking their children. The guardianship 
children can be accomplished without stopping the 
wheels of industry, and such laws for the protection of 
children are unfortunately necessary. Ought they to 
be extended to adults ? 

The laws of Massachusetts and of some other States 
now practically forbid capitalists and adult workmen 
from making free contracts, and they impose fines upon 
the owners of capital who use it beyond ten hours a day. 
The demand now being made is that the limit of such 
use shall be eight hours, subject to a similar fine. The 
law does not forbid the capitalist from running the 
mill, but fines him if he employs men and women in it. 
The law does not forbid meu and women from operat- 
ing hand-looms or sewing machines, or fabricating any- 
thing in their own houses, or doing any other kind of 
work in their own way, night orday. It merely stops 
that factory by a fine upon the owner if he employs men 
or women in it. 

This is class legislation, as the facts will prove. It 
must be justified as such, if justified at all. In 1880 the 
collective work of the factory gave employment to less 
than 100 persons in each 1,000 of all who were engaged 
in all gainful occupations. If it be assumed that not 
only all persons who were engaged in the textile arts, 
including printing and dyeing, about 500,000 in number, 
but also that all who were engaged in working in metal 
work or upon metal as machinists, moulders and the like, 
or all tailors, tailoresses, and seamstresses, all boot and 
shoe makers, and all persons in the lesser arts which 
can be carried on in any factory to which such laws 
can or could be applied, were actually gathered to- 
gether in such factories, even then the whole number 
was and is less than 100 in each 1,000 workers. 

Whow else in the nature of things can the law re- 
strict? It may establish a legal measure of what 
number of hours shall constitute a day’s work when no 
specific number is named in a contract, just as the law 
prescribes what the legal rate of interest shall be when 
no specific rate is named in a promise to pay, but be- 
yond that the law is powerless. It cannot compel the 
carpenter to lay down his hammer, the cook to put out 
the fire, the blast furnace man to let the charge of iron 
cool off, the washerwoman to cease scrubbing, the 


admitted that the present average | editor to drop his pen, or the printer to cease setting 


up type, or the farmer to stop driving the plow. It 


mill, where the work must be continuous. It may 
stop the rolling mill, but it cannot stop the iron fur- 
nace, where the necessity of the work is alse continuous. 
It can stop the clothier who operates sewing machines 
with steam power, but it cannot stop the woman 
who runs the sewing machine with her foot. It cannot 
stop the baker, whose oven must be kept hot by means 
of the same fuel which runs the clothier’s engine. 

In short, no law limiting or restricting the hours of 
labor can ibly reach two, probably not more than 
one, in each ten of those who must work in order that 
all may subsist. Therefore, in just the neasure that the 
smaller number are restricted in the use of their time, 
their tools, or their capital, must the larger number 
work longer in order to attain their present standard of 
comfort and welfare. 

The law may limit the hours of work which may be 
applied in a particular way, but it cannot limit the 
aggregate of work without limiting the product. It can 
only promote searcity by means of obstruction ; it can- 
not promote abundance. 

Men and women may be made slaves, or may be de- 
orived of a part of their liberty, by restrictive statutes, 
»acked by force. They can only be restored to liberty 
by the annulment of such statutes. But it does not 
follow that the law must be repealed in order that it 
may be annulled. If the advocates of an eight-hour law 
should get it passed, the first efforts of the same men 
who had promoted it would be to find out how to work 
overtime to the best advantage in order to gain a bet- 
ter subsistence. The logical result of all such acts by 
which the free contract of adults is restricted in certain 
specific cases is to limit the full use and benefit of labor- 
saving machinery, and thus to lengthen the necessary 
hours of work of the great mass of the people. If the 
hours of labor of government employes are reduced to 
eight, while the payments are the same asthe payment 
of ten hours outside the government works, the only 
result can be that the outside working people who pay 
the taxes will be called upon to pay the increased tax, 
whieh must of necessity be imposed. 

Then, it may be asked, in what manner and on what 
authority can we predict easier work and shorter hours 
of labor in 1920 then we enjoy in 1886? Only upon this: 
The progress of a free nation may be retarded by war, 
by paper money, by excessive and ill-adjusted taxation, 
by obstructions to commerce, by meddlesome statutes 
depriving asmall part of the population of the privi- 
lege of free contract which are inoperative as to all the 
rest, or by the forced circulation of undervalued ¢oin 
made of depreciated silver, but it cannot be stopped. 
The nation is greater than the government ; the pe>ple 
are wiser than their legislators. They sustain # ch 
laws as are just and righteous, while they adjust their 
work as well as they may to obstructive statulé ’ or 

else ignore them and render them inoperative, ‘only 
working a little harder and a little longer when they can- 
not avoid restrictions than would be necessary except 
for such legal obstructions to their onward march. 
EDWARD ATKINSON. 

Boston, April, 1886. 








THE SOLUBILITY OF SULPHUR IN ALCOHOL. 
By ARTHUR G. BLOXAM. 

THE fact that sulphur crystallizes from its solution in 
hot alcohol in a white prismatic form has not, it appears, 
been generally noticed in text-books ; for Miller’s ‘* In- 
organie Chemistry ” is the only book at my disposal in 
which I can find it mentioned. This is the more sur- 
prising as it has become of considerable importance 
since the introduction of rubber corks. 

I discovered this fact for myself while separating 
some fat and sulphur with alcohol, being surprised 
at the deposition of white crystals from the hot solu- 
tion. 

By dissolving sulphur in hot methylated spirit, and 
allowing it to cool slowly in a vessel surrounded by 
hot water, prisms of lengths up to half an inch were ob- 
tained ; they were brilliantly transparent and so white 





of | 





can stop the cotton mill, but it cannot stop the paper 


that they might have been taken for crystals of niter ; 
but they had become quite opaque and pale yellow in 
the course of thirty-six hours, although kept under the 
liquid. A low power of the microscope showed very 
beautifully the change into octahedra. 

A more important bearing of the subject is in its re- 
lation to the use of rubber corks with alcohol. Mr.G. 
8S. Johnson has called my attention to some crystals 
which he obtained in extracting a resinous body with 
alcohol, and which proved to be sulphur derived from 
the rubber cork connecting his flask and condenser. 
If a rubber cork be boiled with alcohol for fifteen min- 
utes, a good crop of sulphur erystals is obtained on 
cooling the liquid. It is evident that if aleohol be con- 
stantly distilled on to a rubber cork the resulting error 
will be still greater.—Chem. News. 








COMBUSTION OF CYANOGEN.* 
By HAROLD B. Drxon, M.A. 

A FEW years ago, on discovering thata spark might be 
sent through a well-dried mixture of carbonic oxide and 
oxygen without causing explosion, the author made 
several experiments on well-dried cyanogen and oxy- 
gen. These experiments seemed to show that cyanogen, 
like carbonic oxide, would not explode when dry. On 
returning to this investigation last autumn, the author 
discovered that the non-explosion of cyanogen pre- 
viously observed was due, not to the absence of moist- 
ure, but to the insufficient temperature of the spark. 
A spark 1 mm. long from a Voss machine may be 
passed through a mixture of cyanogen and oxygen 
without causing explosion or any appreciable decom- 
position of the cyanogen. A mixtureof the gases dried 
by standing in contact with anhydrous phosphoric 
oxide for two months exploded with violence when a 
strong spark was passed through it. A similar mixture 
which had stood in contact with a stick of potash also 
exploded violently. 

t was found that the initial rate of explosion of car- 
bonie oxide and oxygen increased rapidly with the 
amount of aqueous vapor present in the mixture ; siimi- 
lar experiments made with cyanogen and oxygen 
showed that the initial rate of explosion diminished on 
adding aqueous vapor. It seems evident, therefore, 
that the explosion of cyanogen and oxygen does not de- 
pend upon tae presence of water, which merely acts 
as a diluegt in. the mixture. 








* Abstract of a paper lately read before the Chemical Society, London. 
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The author has shown that when a platinum wire is 
raised to redness in a well-dried mixture of carbonic 
oxide and oxygen, the wire glows intensely for a short 
time, and that complete combination takes place be- 
tween the carbonie oxide and oxygen without visible 
flame. A precisely similar phenomenon is observed 
when a platinum wire is raised to full redness in cyano- 
gen and oxygen: the wire glows ge and the 
cyanogen is oxidized to carbon dioxide. he tube is 
filled with orange vapor both when the oxygen is pre- 
sent in excess and in defect, but to a smaller extent in 
the latter case. No flame is visible round the glowing 
eoilof wire. When the wire is only raised to dull redness, | 
no action seems to take place; on breaking the circuit | 
the wire cools immediately, but when once the action | 
has begun, the wire continues glowing half a minute 
after the circuit is broken. 








FACE ‘*“ WORMS.” 


SoME time last year, the readers of La Nature were 
asked the following question: *‘*‘ What is the nature | 
of those black specks that blemish the skin of the face, 
and of the nose especially ; and how can they be got 
rid of ?” 

In a following number appeared several answers : | 
(1) The black specks are due to an acaridan (Demodex 
folliculorum), which lives in the sebaceous glands of | 
the skin, particularly of the rings of the nose. It may 
be easily removed and examined under the microscope. 
Lotions of cold water and the use of a good * antephe- 
lic” milk appear to be the best means of combating 
this little parasite. (2) Mr. Paul Mook, of Hyeres, re- 
calls the fact that Dr. Bazin recommended a little soft 
soap to be rubbed at night upon the part affected with 
acne sebacea. Mr. George Bellevall, of Tours, pre- 
scribes Pinaud’s detersive paste. Mr. Pood, of 
Brussels, recommends friction with soft soap. (3) Mr. 
EK. Julien, of Paris, gives the following explanation 
and treatment of black specks on the face: ‘* The 
black specks on the nose consist of a mass of fatty | 
matter due to the presence of Demodex folliculorum in 
the adipose follicles. To get rid of these hosts, the 
pordinas, use of arsenic and the external use of Gow- 
land’s lotion is recommended. But the surest method 
is to extirpate the animal by squeezing between the | 
fingers the black speck that it has caused.” 

In these various explanations there is a mixture of 
errors and truths that it is well to separate. It is true 
that in the sebaceous follicles of man we sometimes 
meet with quite a curious, vermiform acaridan, which 
is known as Demodeax folliculorum, and whose history 
we propose to give ; but its very rarity proves that it is 
not the true cause of the black specks that we remark 

-ertain faces, and that physicians call acne simplex 
aud acne punctata, and that the laity name “ maggot 
pimples,” ‘* worms,” and “* grubs.” 

In the substance of the skin there are small glands or 
follicles, some of which secrete perspiration, and others 
furnish a sort of fat whose mission is to keep the skin 
supple by forming an imperceptible coating, which is 
called sebum cutanewm, or sebaceous matter. These 
various glands communicate with the surface of the 
skin through apertures which are invisible to the 
naked eye, and which constitute the pores. 

The sebaceous glands of the skin, and those of the 
face especially, may be the seat of various affections 
known under the generic name of acne. There is an 
acne simplex, due simply to a surplusof the sebaceous 
secretion ; and there are more serious acnes, due to 
congestion, inflammation, hypertrophy, or atrophy of 
the sebaceous gland, and characterized by an eruption 
of tubercles, which are red and of various sizes. These 
are isolated, and seated in the substance of the skin, 
and they suppurate but partially, and are accompanied 
with an unctuous state. 

The black specks on the face, and partially on the 
nose, constitute the simplest variety of acne. The 
secretion hardens, and obstructs the excreting conduit, 
and the superficial portion becomes of a dark color in 
contact with the air and particles of dust, and thus 
forms a characteristic black speck. Sometimes these 
specks are very numerous, and give a dirty look to 
those who are troubled with them, and one might say 
that the skin was tattooed with little grains of powder. | 

If the skin be squeezed on each side of one of these | 
specks, a white, vermiform, cylindrical body with a 
black extremity will make its appearance. This is | 
what is commonly taken for a worm. But if we ex- | 
amine this cylindrical object closely, we shall see that | 
it is wholly made up of concrete fat (sebaceous matter), 
and that its alleged head is merely the same substance, 
which has become a little harder and has combined 
with particles of dust. If the softer part of this sup- 
posed worm be put into a drop of oil, or, better, into 
ether, which dissolves it, we may, by means of the 
microscope and an amplification of from 200 to 300 
diameters, sometimes see floating in the solution some 
very curious animalcules that are called Demodex folli- 
culorum; but it is seldom that we meet with these, 
and it is necessary to examine the contents of a large 
number of ‘* worms” before ascertaining their presence. 
They are much more numerous in the tubercles of acne 
rosacea and acne pustiiata, and seem to be attracted | 
to the simple acnes by the fat which the latter contains, | 
and on which they live, rather than to be the cause of | 
their formation ; for, if they were really the cause of | 
them, we should find them in every one. But such is 
not the case ; we scarcely find one in ten. They are, 
then, rather the cause of the conversion of acne 
simplex into acne rosacea or acne pustulata than the 
cause of the development of the former. 

_ However this may be, we shall give a little informa- 
tion concerning this singular parasite. 

It was while endeavoring to ascertain the nature of 
the affection known as acne sebacea, and while examin- 
ing the contents of the pustules that constitute them, 
that Dr. Simon, of Berlin, in 1842, discovered the 
parasite in question. He found the aniimalcules in the 
latter of pimples on the nose in three subjects—one a 
man of fifty years, and the others men of thirty and | 
twenty-two—all three in good health and very cleanly. | 
In seven other persons, the matter furnished him with | 
no animalcules. In the corpses of eight men, of which 
six had been troubled with acne, he found anithalcules ; 
but in children he never met with any. 

These animaleules found by Simon did not all have | 
the same appearance, and they diffetedl especially in the 
length of the vermiform prolongation of-the abdomen. | 
The doctor thought that these differences were charac- 











teristic of different ages ; but in this he was in error, 
as he was also when he thought he had discovered 
specimens with six instead of — legs. It has been 
found that the difference in the length of the abdomi- 
nal portion is the result of the post-mortem contrac- 





1.—DEMODEX FOLLICULORUM OF MAN 
(X 280). 


Fia@. 


tions, and that the absence of the fourth pair of legs in 
certain specimens is to be accounted for by errors in 
observation. 

Simon, relying upon the opinion of Dr. Erichson, a 
naturalist whose advice he had asked, arranged his 
animalcule in the class Arachnides and order Acari, on 
account of the number of legs (8) and the structure of 
the antennaless head, which is provided with a lower 

















Fie. 2.—HAIR FOLLICLE OF THE DOG IN- 
FESTED WITH DEMODEX (x 150). 


lip, maxillary palpi, and mandibles ; and he regarded 
these acaridans as being in an incomplete and asexual 
state of development, the adult state being unknown. 
This idea of Erichson’s, that this acarus was the incom- 
plete state of an, as yet, unknown acaridan, was 
suggested to him by the works of another naturalist, 
Artig, who had observed and described a vermiform 
mite that had been found in the galls of the fir-tree, 

















Fig. 3.—DEMODEX FOLLICULORUM, VAR. | 
CANINUS (xX 300). 


and that he supposed was the larval state of Oribata 
geniculata, an acaridan of the mosses. We now know 
that these vermiform mites of vegetable galls that 
other naturalists have believed to be perfect acaridans, 
and that they have named Phitoptus, are the tetropod- 





follicles reach a perfect and sexual state, while at the 
same time preserving their characteristic vermiform 
appearance and their habitat, and this we have our- 
selves demonstrated as regards the acarus of the 
follicles of the dog. 

Simon had just communicated the discovery of his 
Acarus folliculorum to the Society of Naturalists of 
Berlin, when Prof. Henle, of Zurich, informed him by 
letter dated March 3, 1842, that during the preceding 
fall he had observed a similar animal in the hair 
follicles of the external auditory canal, and that he 
had announced the fact provisionally in the Zurich 
Observer for December. A host of observers immediate- 
ly after Simon’s discovery began to study the new 
parasite ; among them were Owen, of London, who 
named it Demodex folliculorum, Miescher, who called 
it Macrogaster platypus, Erasmus Wilson, who named 
it Hntozoon folliculorum, and Paul Gervais, who call- 
ed it Simonea folliculorum. Owen’s name, the oldest 
one, has prevailed. 

After the Demodex had been found in man, it was 
discovered also in several other animals. Simon found 
it in the glands of Meibomius of the sheep; Topping 
and Tulk, in the hair follicles of the dog (Figs. 2 and 
3); others in the skin of American oxen, and, finally, 
we some time ago found it in the ears of several cats. 

The action of the parasite is not the same in all the 
animals that it infests. Thus, although it does little 
harm to man, the cat, and the sheep, it has, on the 
contrary, a terrible effect upon the dog. in which it 
causes a serious malady that leads to certain death if it 
is not, as is very difficult to do, arrested in time. So 
we think that we have here a question of different 
species, and our opinion is corroborated by a few 
anatomical differences which we set forth in a memoir 
devoted to Demodex folliculorum in Prof. Robin’s 
Journal d@ Anatomie, in 1877. The following are the 
zoological characters of Demodew folliculorum : 

Vermiform acaridan with thorax distinct from the 
abdomen, with neither hairs nor spinules of any kind ; 
thorax stiff, cylindroid, with semi-cylindrical dorsal 
face, flattened anteriorily, with lower face plane, 
giving insertion to four pairs of tri-articulated legs 
supported by a_ skeleton composed of a median 
sternite uniting four double, parallel epimerites and 
crossing it at right angles; abdomen soft, conoid, 
elongated, finely striate transversely, with rounded 
extremity, strongly contractile after death ; rostrum 
with mandibles and lip united into a beak, elongated 
by a pair of tri-articulated palpi with terminal arti- 
culation hooked. Males with the sexual organ placed 
immediately in front of the anus, which is in the form 
of a short slit. Females with cloaca in the form of a 
longitudinal slit at the exterior and inferior extremity 
of the abdomen. 

The female gives birth to small, flat, footless larvae, 

which resemble microscopic soles rounded in front and 
angular behind. These larve moult four times before 
becoming adult and sexual. After the first moult, 
they acquire three pairs of small, conical, sharp, 
ambulatory papille, without a sign of articulation ; 
after the second moult, they have four pairs of these 
papille ; after the third moult, the skeleton appears, 
and the legs are jointed ; and, finally, after the fourth 
moult, the sexes are distinct. 
The Demodex of man has a slenderer and shorter 
thorax, but an abdomen longer in proportion than has 
that of the dog, and its larva is more cordiform than 
that of the latter. These species are certainly distinct 
from each other. That of the dog is very venomous, 
while that of man isin no wise so.—P. Megnin, in La 
Nature. 


NEW, EASY, RAPID, AND PAINLESS METHOD 
OF REDUCTION OF DISLOCATIONS OF THE 
SHOULDER, WITHOUT AN ANESTHETIC. 


NEL Mac.ixEop, M.D., writing from Shanghai to the 
British Medical Journal, after stating that he had 
succeeded in two cases in reducing dislocations of the 
shoulder without pain and without anesthesia, de- 
scribes the method as follows : 

Let the patient lie down on his back on_ the floor or 
ground, with the dislocated arm outstretched at right 
angles to the trunk, and also on the floor. Having 
told the patient to lie quite still and make no effort, 
let the surgeon, placing the approximate heel in the 
axilla, make traction gently and steadily at right 
angles to the line of the trunk; and, if there be no 
jerk or evident intimation of the return of the head of 
the bone to its place, let him ascertain its position, if 
necessary, abducting the limb to make sure ; if reduc- 
tion has not taken place, let him renew and increase 
the force of traction, and repeat the examination until 
he has succeeded or failed, in which latter case nothing 
has been done to interfere with the application of other 
methods. 

It is possible that, in many cases, the heel of the 
axilla may be unnecessary ; but it will serve to steady 
the scapula, and affords a better counter-extending 
force than the weight of the patient’s body, and thus 
— him free to lie still and make no effort asif to 
ai 











THE PRINCIPLES OF CEREBRAL SURGERY. 
By Joun B. RosgErts, M.D., of Philadelphia. 


Dr. ROBERTS recently advocated before the Surgi- 
cal Class of the Polyclinic the following views, which 
he has also advocated elsewhere : 

I. The complexus of symptoms called ‘‘ compression 
of the brain ” is not due so much to displacing pres- 
sure exerted on the brain substance as it is to some 
form or degree of intracranial inflammation. 

Il. The conversion of a closed (simple) fracture of the 
cranium into an open (compound) fracture by incision 
of the scalp is, with the improved methods of treating 


| wounds, attended with very little increased risk to 


life. 

III. The removal of portions of the cranium by the 

trephine or other cutting instruments is, if properly 

done, attended with but little more risk to life than 

amputation of a finger through the metacarpal bone. 
V. In the majority of cranial fractures, the inner 

table is more extensively shattered and splintered than 

the outer table. 

V. Perforation of the cranium is to be adopted as an 





al and vermiform larve of acaridans of the group 
Tetranychi. We know also that the acaridans of the 





exploratory measure almost as often as it is demanded 
for therapeutic reasons. 
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than in wounds of other structures. 

VIl. Many regions of the cerebral hemispheres of 
man may be incised and excised with comparative iim- 
punity. 

VIII. Accidental or operative injuries to the cere- 
bral membranes, meningeal arteries, or venous sinuses 
should be treated as are similar lesions of similar strue- 
tures in other localities. 

IX. The results of the study of cerebral localization 
are more necessary to the conscientious surgeon than 
to the neurologist.—TZhe Polyclinic. 


THE FLOWERING OF CYCADS. 


CYCADS are known to nearly every one. They are 
plants that have thick coriaceous leaves, whose leaflets 
are arranged very closely together, so as to cause them 
to resemble great long plumes. 

Because of the coriaceous character of their leaves, it 
must not be supposed that these plants are hardy in 
our climate, and that they readily endure the atmo- 
sphere of an ordinary room, for such is not the case. 
They require constant care, and demand the moist air 
of a hothouse in order to thrive well. Before fruiting, 
they have to reach a considerable size and an advanced 
age. In the Paris Museum of Natural History there is 
a small cyead which flowers profusely every year. 
This isshown (about one-third size) in the accompany 
ing engraving. It is kuown as Zamia furfuracea, and 
is allied to the Cycas. 

Its trunk divides into four parts, and the extremity 
of each short branch is crowned by a few leaves hav 
ing thick coriaceous leaflets. The base is provided 
with numerous scales, from between which, on three of 
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VI. Drainage is more essential in wounds of the brain gained strength enough to follow their dams easily 


| when placed with the rest of the flock, otherwise they 
| will not make the growth they should. It is a good 
plan to give the ewes extra feed while they are suckling 

| their lambs, so they will provide a full supply of 
milk.—National Live Stock Journal. 

Those who make a specialty of breeding stock for 
exhibition give their animals the best care and atten- 
tion, and succeed in accomplishing that which the 
ordinary farmer would not believe to be possible. It 
|is admitted that such animals, by living in artificially 
heated buildings, and being fed on prepared food, as 
| well as having been closely inbred, are sometimes lack- 

| ing in vitality, and prove failures when in the hands of 

the farmer. But thoroughbred stock is not intended 
| for general farm purposes. Their true mission is to 
improve the common stock. The common stoek, by 
| constant subjection to the weather and changeable 
diet, becomes - | and vigorous, yet lacking in desir- 
able qualities. The blending of the blood of the 
thoroughbred with that of the mongrel will therefore 
be best for the farmer, and enable him to keep superior 
stock without resorting to artificial methods for so 
doing.—Farm, Field, and Stockman. 


BREEDS. 


Alluding to the stability of sheep husbandry as a 
business, and especially to the tendency in the past to 
breed in certain defined directions, as for mutton alone, 
or for fine wool alone, the Breeders’ Gazette believes 
that preference so frequently expressed in support of 
the claims to superiority of any particular type of 
sheep results more from education, or interest, or im- 
mediate surroundings of the individual than from any 

‘especially distinguishing merit in the type itself. 











ZAMIA FURFURACEA. 


the branches, arises a male cone. 
ble those of a pine, and have hexagonal scales that 
earry the anthers characteristic of male flowers. 

The plant develops these male cones every year. 
The trunk, which is transversely striate, shows the 
traces left by the fall of the scales and leaves. 

At the Garden of Plants there may be seen at this 
moment a specimen of Ceratoramia Mexicana, which 
flowers very often, and bears three long male cones. 
There is likewise an aged Cycas here that is beginning 
to develop seeds, 

These seeds develop upon a sort of deeply divided 
leaf, covered with a thick chamois-colored down, and 
forming a kind of crown at the apex of the trunk. The | 
seeds are red, and are now of about the size of a wal- 
nut. No fruit had shown itself till now for several 
years, and its appearance in our hothouses is a thing 
of quite rare occurrence.—La Nature. 


SHEEP 

Tus is the season of the year when sheep need 
special care, particularly the ewes that are in lamb, 
Some farmers are in the habit of allowing their sheep 
to roayt over the pastures early in the spring, and do 
not realize that the meager quantity of grass they get 
does them little good, and that being constantly on the 
move in search for it they lose flesh. They should be 
turned out only fora short time each day, when the 
weather is not stormy, and they should have an al- 
lowance of grain daily while changing from dry food to 
grass. By proper attention at this time of year, they 
will be strong and thrifty when finally they are left on 
pasture. A pint of corn or oats each day along with 
their hay will maintain the strength of the sheep and 
keep them in good flesh. It will be found much better 
to keep the ewes in the yard until the lambs have 


| nevertheless 


These cones resem-| This thought also suggests to those flock owners in the 


agricultural States who are feeling the pressure of 
competition encountered in either wool or mutton 
production as a specialty, the fact that neither ele- 


ment of profit can be ignored as advancing expendi- | 


tures become inseparable from flock management. 


Breeders of mutton types cannot afford to ignore fleece | 


values. Holders of lighter bodied and heavier fleeced 
types will be compelled to recognize the importance of 
carcass development. Each will find localities where 
it will continue to be profitable ; but gradually the 


necessity for “‘ making every edge cut” will be recog- | 


nized and acted upon. 

American sheep husbandry ought not and cannot be 
forced into the grooves by which sheep husbandry in 
older countries is gauged. England, with a territory con- 
siderably less than some of the States and a population 
more than half as great as that of the United States, 
has been foreed into extremities which, however 
remote similar conditions may be for this country, 
contain valuable lessons for American 
flock owners. The most valuable of these is the de- 
monstration that sheep husbandry can be sustained 
under a pressure of high-priced lands and low-priced 
wools more extreme than any to which flock owners 
here are likely to be subjected. In this fact alone is 
enough encouragement to infuse vigor and courage 
among American flock owners sufficient to successfully 
tide over any temporary depression by which they 
are overtaken. The sooner they all realize this, the 
better. 


THE DOG QUESTION, 


The value of sheep killed by dogs in the United 
States last year is estimated at two millions of dollars. 
The subsistence of the whole number of dogs in all the 

| States costs fifty millions of dollars. The dogs furnish 





very little in the way of set-off to the enormous charge 
resulting from their depredations and consumption of 
food. ot five ina hundred are of any value. Five 
hundred thousand sheep are annually killed, amounting 
in value to two million dollars, and the number annu- 
ally injured is three hundred thousand, at an estimated 
loss of six hundred thousand dollars, and this wholly 
by dogs. 

It seems as though there might be a way to reduce 
the number of worthless curs all over the land. In 
many towns sheep raising is nearly abandoned on ac- 
count of the dogs. How common it is to see a poor 
man that can hardly get a living keep two and some- 
times three dogs and pay the tax on them of two 
dollars, and at the same time these men are continually 
grumbling about the hard times and high taxes. 

Our government should put a tax of five dollars on 
every dog’s head. If that will not diminish their num- 
| bers, then put the tax at ten dollars per head. But, 
says the farmer who keeps one or two dogs, they scare 
off the foxes. In some cases they may, but foxes soon 
learn better than to run much at the common dog, and 
then the foxes destroy the turkeys on the very farms 
where the farmer keeps dogs. Dogs will imitate the 
fox and kill off the turkeys and geese ; but the owner 
of the dog thinks it is all right, as the town pays the 
damage. Then to have one person die with that 
terrible disease, hydrophobia—much better have all 
the dogs killed off, say we.—Correspondence Lewiston, 
Me., Journal. 





A CATALOGUE containing brief notices of many im- 
portant scientific papers heretofore published in the 
SUPPLEMENT, may be had gratis at this office. 
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